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ABSTRACT
Glucooligosaccharides of less than DP 10 were produced either by mixed cultures
of Leuconostoc mesenteroides ATCC 13146 and L. starkeyi ATCC 74054, or by an
acceptor reaction produced by Leuconostoc mesenteroides ATCC 13146. The yields of
glucooligosaccharides produced by mixed culture and acceptor reaction reached up to 49
and 90% of theoretical yield. The composition of carbohydrates at the end of fermentation
by mixed culture was 31.4% oligosaccharides, 17.6% dextran, 31.4% mannitol, 2.1%
fructose, and 2.4% of sucrose. The composition of carbohydrates at the end of
fermentation by acceptor reaction was 32.7% pannose, 30.4% branched isomaltotetraose
(DP 4), 21.7% branched DP 5,5.2% branched DP 6, and 3.6% branched DP 7, and 6.5%
maltose. The oligosaccharides produced suppressed growth of Salmonella enteritidis,
Salmonella typhimurium, Staphylococcus aureus, Staphylococcus epidermidis, and
Clostridium perfringenes.

Bifidobacterium bifidum and Bifidobacterium fullorum

completely utilized the oligosaccharides as carbon sources in 48 hr.
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INTRODUCTION
The consumer demand for certain foods or food constituents that promote health is
rapidly increasing. Functional foods are defined as any modified foods or food ingredients
that provide health benefits beyond the traditional nutrients they contain (Hasler, 1996).
Functional foods are viewed as something of a revolution in the United States and
represent one of the fastest growing segments of the food industry. The current United
States market for functional foods is calculated to be between $ 7.5 and $ 9 billion, with
the potential market estimated to be $ 250 billion (Hasler, 1996). Non-digestible
oligosaccharides as a dietary fiber are one of the most popular functional food components.
The number of consumer products containing oligosaccharides is over 450, including soft
drinks, cookies, cereals, and candies (Tomomatsu, 1994).
Branched glucooligosaccharides structures have branches ona-(l-4) linked glucose
chains and they will contain more than one linkage, a-(l-6), a-(l-3), or a-(l-2). These
oligosaccharides pass through the small intestine without digestion, reaching the large
intestine where they can be utilized by many intestinal organisms. Bifidobacteria, a
representative beneficial intestinal bacteria, produces acetic acid, lactic acid, and short
chain fatty acids, lowers the pH of digestive tract and prevents from overgrowth of
harmful bacteria (Hirayama and Hidaka, 1993; Oku, 1996; Hoover, 1993). Bifidobacteria
also produce proteinaceous factors that inhibit the adherence of E. coli to gangliosides
(Fujiwara et al., 1997).
Isomalto-900Roligosaccharides are commercially produced from com starch by the
actions of a -amylase, pullulanase, and a -glucosidase (Kohmoto et al., 1991). The
1
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technology has drawbacks, the enzymes are costly and this process has multi-step
requiring gelatination, liquefaction, saccharification, and transglycosylation. In addition,
significant concentration of unreacted

digestible sugars; glucose, maltose, and

maltooligosaccharides remain in the final product Branched oligosaccharides are
synthesized by a dextransucrase (EC 2.4.1.5) produced by Leuconostoc mesenteroides.
In the presence of acceptors, such as maltose, the acceptors are incorporated into growing
oligomeric chains and terminate the synthesis of polymerization. Different strains of L.
mesenteroides produce different dextrans; varying in amount length, and arrangement of
the branch chains. Almost half of the sucrose, the fructose portion remains in the
biosynthetic process. D-mannitol dehydrogenase (EC 1.1.1.67) converts fructose to
mannitol. In the presence of fructose, some strains of Leuconostoc mesenteroides produce
this enzyme that is intracellular and NADH-dependent (Sakai and Yamanaka, 1968). The
hydrogenation of fructose to mannitol allows the cell to maintain its redox balance.
Therefore the fermentation by whole cells may ensure the production of oligosaccharides
and additionally mannitol. The mannitol is a GRAS (Generally Recognize As Safe)
additive in food. One of its use is to reduce free radical formation in patients undergoing
coronary artery bypass graft surgery (Yang et al., 1992).
The production of clinical size dextrans by a mixed culture fermentation was
developed by Kim and Day (1992). This process was based on that L. starkeyi produces a
dextranase and L. mesenteroides produces a dextransucrase. This process would give the
clues to reduce and control the size of dextrans covering oligosaccharides. In addition,
fructose is a by-product in the dextran fermentation industry. In this study it was observed

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

that L. mesenteroides ATCC 13146 produce D-mannitnl dehydrogenase. Therefore the
object of this study is to produce co-products such as oligosaccharides and mannitol in the
final product.
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REVIEW OF LITERATURE
1. Oligosaccharides
The term "oligosaccharides" applies to polysaccharides customarily ranging in size
between two to ten monosaccharide units (Stanek, 1963). The role of oligosaccharides in
biological systems has turned out to be significant Oligosaccharides are one of the most
popular functional food components (Tomomatsu, 1994; Oku, 1996). Selected nondigestible

oligosaccharides,

such

as

branched

glucooligosaccharides

and

fructooligosaccharides, have recently received attention because they confer positive
health effects (Hidaka et al., 1991). Most of oligosaccharides are constituents of natural
plants, but some of them, fructooligosaccharides and branched glucooligosaccharides, are
currently produced from sucrose, lactose, maltose, and starch derivatives by microbial
enzymes. The starting materials for commercial production of oliosaccharides are usually
starch or sucrose (Table I).
2. Synthesis of oligosaccharides
Oligosaccharides can be produced either by hydrolysis of polysaccharides or by
“denov ” synthesis from monosaccharides. A generalized scheme for enzymatic synthesis
of oligosaccharides can be summarized as follows; transfer of a group, reverse hydrolysis,
and then transglycosylation.
2.1. Reverse hydrolysis
Oligosaccharides can be produced by reversing the hydrolytic reaction by shifting
the equilibrium from hydrolysis to synthesis. Increased reactant concentration, decreased

4
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5
Table 1. Microbial oligosaccharides, their origins, and enzymes.

Starting
Material

Enzymes + Acceptors

Starch

a-Amylase
Glucoamylase + B-glucosidas
Glucoamylase + a-Amylase
CGTase
CGTase +Sucrose
CGTase + Xylose
CGTase + Lactose
CGTase + Stevioside

Sucrose

fi-Fructofuranosidase
a-Glucosyltransferase
B-Fructofuranosidase + Lactose
fi-Fructofuranosidase + Xylose
B-Fructofuranosidase + Isomaltose
B-Fructofuranosidase + Stevioside
Dextransucrase + Maltose
Dextransucrase + Dextranase
+ Sucrose

Products

Maltotriose, -tetraose, -pentaose,
-hexaose
Gentioligosaccharides
Isomaltooligosaccharides
Cyclodextrin (CD)
Coupling sugars
Glucosyl xylose
Glucosyl lactoside
Glucosyl stevioside
Fructooligosaccharides
Isomaltulose
Lactosyl fructoside
Xylosyl fructoside
Isomaltosyl fructoside
Fmctosyl stevioside
Isomaltooligosaccharides
Isomaltooligosaccharides*

*Isomaltooligosaccharides were synthesized by mixed enzymes, dextransucrase and
dextranase (Yoo and Day, 1996). Adapted from Kitahata (1994).
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water activity, or removed of reaction products are required. The generalized reaction is
shown in equation (1) where A and B are glycosyl moieties (Monsan and Paul, 1989).

(1)

A-H + B-OH

«■*

A-B+H20

Trial condensation of monosaccharides to disaccharides was first attempted by
Ajisaka et al. (1987). They circulated a solution of the substrates through columns of
immobilized enzyme and activated carbon. The procedure was based on the preferential
adsorption di- over monosaccharides by activated carbon (Ajisaka et al. 1988).
Trisaccharides also synthesized by reversed hydrolysis using a- and B-D-galactosidases
(Ajisaka and Fujimoto, 1989). Incubation of 10% (w/v) of D-galactose and 50% (w/v)
of sucrose with a-D-galactosidase produced by M. vinacea synthesized only raffinose. The
yield was about 17.6%, which is comparable to the 17.0% yield of raffinose synthesized
by transglycosylation with B-galactosidase from E. coli. A drawback in using glycosidase,
in reverse hydrolysis reactions,

is low synthesis yield due to the unfavorable

thermodynamic and equilibrium position (Monsan and Paul, 1987).
2.2. Group transfer
Transferase enzymes catalyze group-transfer reactions according to the following scheme.

(2)

+C
i
A-B + E -

B + E-A - A-C + E

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

where A-B, glycoside; E, transferase; C, acceptor; A-C, new glycoside. The energy
necessary for the synthesis is provided by the original glycosidic bond and is stored as a
covalent glycosyl-enzyme intermediate, E-A (Monsan and Paul, 1989). A variety of
carbohydrates, hydroxylated compounds, water, the donor molecule itself, or even
inorganic materials can be used as acceptors.
The a-transglucosidase from Aspergillus niger (EC 2.4.1.24.) catalyzes the
production of pannose and isomaltooligosaccharides from maltose and starch hydrolyzates
(Stark, 1942; Wolfrom et al., 1951;). Maltose plays both the role of glycosyl acceptor and
donor. Pullulanase (EC 3.2.1.20), a-amylase (EC 3.2.1.1), P-amylase (EC 3.2.1.2), and
a-transglucosidase (EC 3.2.1.20) also produce isomaltooligosaccharide mixtures (Kuriki
et al., 1993). The first step is the hydrolysis of starch, accumulating maltose and the second
step is the transglycosylation of the glucose moiety of maltose to produce a- -(1-6) linked
isomaltooligosaccharides.

In

this

process,

the maximum

concentration of

isomaltooligosaccharides accumulated is around 40%, and about 40% of the glucose
remains in the final product Pullulanase that can catalyze not only the hydrolysis of a- (14)- and a- (1-6)- glucosidic linkages but also transglycosylation to form a- (1-4)- and
a - (1-6)- transglycosylations when the enzyme is in the presence of high concentrations
of maltotetraose (10%, w/v) (Takata et al., 1992). This enzyme hydrolyzes mainly a- (14)- glucosidic linkages of pullulan to produce an 84% yield of pannose (Kuriki et al.,
1992).

Kim et al. (1992) isolated a gene for a maltogenic amylase from Bacillus

licheniformis. This enzyme hydrolyzes starch and transglycosylates starch hydrolyzate.
They transformed the gene into an E. coli, producing a thermostable a-amylase. E. coli
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lysate that contain both a maltogenic amylase and a thermostable a-amylase that can
perform simultaneous liquefaction and saccharification producing both glycosyl a donor
and an acceptor from 15% (w/v) starch. A typical process’ flow chart for the production
of typical branched glucooligosaccharides is shown in Fig. 1. The typical composition of
products is presented in Table 2.
Dextransucrase (EC 2.4.1.5.) is a glucosyltransferase that catalyzes the synthesis
of high molecular weight D-glucose polymers known as dextrans (3) (Jacques, 1983;
Komov et al., 1984). This glycosyl-transferase is an exocellular enzyme and is mainly
produced by Leuconostoc and Streptococcus sp. It catalyzes the reaction:

(3)

nG-F
sucrose

-

Gn

+

dextran

nF
fructose

When other carbohydrates, called acceptors, are present with dextransucrase in addition to
sucrose, the glycosyl groups from sucrose may be transferred to the acceptors. When high
levels of efficient acceptors are present, dextransucrase synthesizes of low molecular
weight isomaltooligosaccharides instead of high molecular weight polymers. (Ebert and
Schenk, 1968; Robyt and Walseth, 1979). The structures of commercially important
isomaltooligosaccharides are presented in Fig. 2.
The Japanese Company, Meiji Seika, markets fructooligosaccharides mixtures
called, Neosugar, which is produced by a fructosyltransferase isolated from either
Aspergillus niger or Aureobasidium pullulans (Hidaka et al., 1991; Hidaka et al. 1988;
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Starch Slurry (30%)

a-am lyase

------ ►

T
Liquefaction

p-amlyase
Pullulanase

Saccharification

a - transglucosidase

T ransglycosylation

t
Filtration

Deionization and Decolorization

♦
Oligosaccharides

Fig. 1. Manufacturing procedures of isomaltooligosaccharides from
starch (Park, 1994)
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Table 2. Sugar composition of isomaltooligosaccharides from maltogenic amylase by
Bacillus licheniformis.
Sugar

%

Glucose
Maltose
Isomaltose
Maltotriose
Panose
Isopanose
Branched maltotetrose*
Branched pentaoligomers

22.6
13.4
6.9
4.6
13.7
3.8
18.9
8.7

Total branched
Oligosaccharides

64.0

‘Branched oligosaccharides contain more than one branching linkage that is a-(l-6), a
-(1-3), or a-(l-2) in the backbone, a-(l-4 ) linkage. Adapted from (Kim et al. 1992).
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Fig.2. The structures of typical branched isomaltooligosaccharides.
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Hirayama et al., 1989). Neosugar is sold as a mixture of glucose, sucrose, and fructo
oligosaccharides containing fi- (2-1) linked fructo-furanosyl residues with a terminal
glucose unit (1-Kestose, nystose, fructosyl-nystose, Fig. 3). This enzyme is widely
distributed in many species of bacteria and fungi (Hayashi et al., 1991; Fujita et al., 1990;
Patel etal., 1994; Dickerson, 1972; Wehametal., 1979; Muramatsuetal., 1993; Zinchenko
et al., 1995). Commercially, most fructooligosaccharides produced by this enzyme include
l-kestose, nystose, and l-fructofuranosyl nystose (Yun, 1996). Glucose and sucrose are
removed from the product mixture by ion exchange chromatography to obtain a product
with a high fructo-oligosaccharide concentration. A typical for production flow sheet for
fructooligosaccharides is shown in Fig. 4. Fructooligosaccharides are also found in many
plants such as onion, garlic, wheat, Jerusalem artichoke tubers (Hirayama and Hidala,
1993). Fructooligosaccharides can also be produced by the enzymatic hydrolysis of inulin,
which is a linear polyfructan containing D-fructofuranosyl units linked via B-(2-l) osidic
bonds.
Cyclodextrins are glucooligosaccharides produced by the action of a microbial
cyclodextrin glucanotransferase on starch, glycogen or maltooligosaccharides. Cyclodextrin
glycosyltransferase (a-l,4-glucan 4-glycosyltransferase, cycling, E.C.3.3.1.19, CGTase)
catalyzes the cyclization of D-glucose oligomers containing 2,6,7, 8 D-glucopyranosyl
residues linked by a-(l-4) osidic bonds (Monsan and Paul, 1989; French, 1957).
Cyclodextrins are characterized by an inner hydrophobic core (Maldonado and Lopez,
1995). In solution, hydroxyl groups on the outer part of the structure allow high solubility.
This amphipathic structure allows the use of cyclodextrins for solubilization and transport
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Fig. 4. Production of fructooligosaccharides (Neosugar): 1. Slant culture; 2.
Seed culture; 3. Production culture; 4. Separator; 5. Vacuum mixer, 6. Gel
forming chamber, 7. Separator, 8. Immobilized b-fructofiiranosidase; 9.
Storage tank; 10. Heater; 11. Immobilized enzyme column; 12. Active carbon
column; 13. Ion-exchange column; 14. Separating column; 15. Concentrator.
Adapted from Hirayama et Hidaka (1993).
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of hydrophobic compounds in aqueous solution (Monsan and Paul, 1995; Maldonado and
Lopez, 1995). Cyclodextrins are used for solubilizing hydrophobic drugs (Kitahata, 1994;
Schmid, 1989). Cycloinulo-oligosaccharides are synthesized by the same method.
(Kawamura et al., 1989). These oligosaccharides contain 6 to 8 D-fructofuranose units. An
enzyme obtained from Protaminobacter rubrum catalyzes transfer of the D-glucopyranosyl
moiety of sucrose from the carbon 2 to the carbon 6 position of the D-fructofuranosyl
residue, producing a

reducing disaccharide

named palatinose (Tanaka, 1993).

Isomaltulose is sold in mixtures that include an equimolar mixture of 6-0-(a-Dglucopyanosyl)-D-sorbitol and l-0-(a-D-glucopyanosyl)-D-mannitol (Monsan and Paul,
1989).
3. Isomaltooligosaccharides preparation
The synthesis of commercially important isomaltooligosaccharides is by either of
two methods, dependent on starting materials, sucrose or starch. Leuconostoc
mesenteroides, dextransucrase, using acceptors such as maltose, isomaltose, and a>
methyl glucoside form oligosaccharides in the presence of sucrose. This was discovered by
“dextran” researchers who tried to make clinical dextran. Low molecular weight dextran
acts as an acceptor, producing dextran covering the molecular weight range o f50,000 to
100,000 (Tsuchiya et al., 1953). Clinical dextran size, 25,000 to 75,000, was synthesized
by incorporating low molecular weight dextran in a dextran fermentation (Hehre et al.,
1953 and Carlson et al., 1953). The molecular weight of dextran can be varied by altering
fructose concentration in the dextran fermentation (Tsuchiya et al., 1954). Different
concentrations of fructose results in synthesis of different sizes of dextrans. High
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molecular weight dextran is produced at 2.5% (w/v) fructose concentration, and mostly
high molecular weight dextran containing small portion of low molecular weight dextran
can be produced at a 5.0% (w/v) fructose concentration.
The detailed mechanism of the acceptor reaction was determined byRobytetal.
(1978). The acceptor reaction provides a mechanism for terminating dextran chain
polymerization and a mechanism for the biosynthesis of new dextran chains by the release
of dextran from the active site of the enzyme. When the ratio of the concentration of
acceptor to sucrose is sufficiently high, the acceptor continuously displaces the D-glucosyl
group from the enzyme, preventing D-glucose from being incorporated into dextran and
decreasing or preventing dextran biosynthesis.
Maltose is the most effective acceptor and produces mostly isomaltodextrinylmaltose series, oligosaccharides DP 3 to DP 6, (Robyt and Eklund, 1983). When the molar
ratio of acceptor to sucrose is

1:1, products included maltose are 18% dextran, 0.6%

lacrosse or isomaltulose, 5.9% free glucose, 26.1% d.p.3,34.0% d.p. 4,12.6% d.p. 5,2.5%
d.p. 6, and 0.3% d.p. 7. The percentage of acceptor incorporated was about 48%. The
product profile of isomaltose as an acceptor was similar to that of maltose.
Altemansucrase is produced by L mesenteroides B-1355. This enzyme formed
oligosaccharides from different acceptors (Cote and Robyt 1982). D-Glucose gave only
isomaltose. Methyl a-D-glucoside, methyl-B-D-glucoside, maltose, and 62-0-a-D glucosylisomaltose produced methyl-a-isomaltoside, methyl-6-isomaltoside, pannose, and
32-0-a-D-glucosylisomaltose, respectively. The decreasing order of acceptors for
producing oligosaccharides are maltose, nigerose, methyl-a-D-glucoside, isomaltose, D-
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glucose, and methyl-B—D-glucoside. This contrasts to isomaltose, which is best acceptor
for L mesenteroides B-512.
Different strains of L mesenteroides can produce oligosaccharides when maltose
uses as an acceptor (Castillo et al., 1992). All the strains tested in this study, NRRL B523, 1438, 1433, 1149, 1399, 1254, 1120, 1297, 1498, and 1501 produce the same
oligosaccharides as produced by dextransucrase o f B-512F, pannose, tertrasaccharides,
and pentasaccharides. Oligosaccharides containing a -1,2 and a-1,3 linkages are
produced by strains B-1299 and B-1355.
The mechanism of acceptor reaction of L mesenteroides ATCC 13146 with a
maltose acceptor was investigated by Cote and Robyt (1983). They found that formation
of branches on the dextran is dependent on conditions of reaction. With sucrose / maltose
ratio’s of 2, the composition of oligosaccharides produced by ATCC 13146 is similar to
that produced by ATCC 18030 (Remaud et al., 1992). However as the ratio of sucrose to
maltose increases, branched isomaltooligosaccharides containing

a-(l-3) glycosidic

linkages as well as oligosaccharides greater than DP 5 are produced.
Starch is used as the starting material for production of isomaltooligosaccharides
in Korea and Japan. Starch is cheaper than sucrose and it is not necessary to add acceptor
separately. However this procedure is lengthy. Isomaltooligosaccharides production from
starch required two enzymatic steps:the first step is the hydrolysis of starch by a-amylase,
pullulanase, or B-amylase to produce maltose. The second step is the transglucosylation
of the glucose moiety of maltose by a-D- glucosidase to produce a - (1-6) linked
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oligosaccharides (Takaku, 1988). Kuriki et al. (1993) reported 60% of the yield of
isomaltooligosaccharides by this process.
4. Use of fructo- and glucooligosaccharides
4.1. Food additives
Water holding capacity is a term that describes the ability of molecules to
physically entrap large amounts of water in a manner that inhibits exudation (Fennema,
1996). Oligosaccharides are used as food additives for controlling moisture pick-up and
retention. The glucooligosaccharides of them are used as hygroscopicity agents in food due
to their water holding capacity. The

water holding capacity of

branched

glucooligosaccharides is higher than that of the maltooligosaccharides. At 95% humidity,
branched glucooligosaccharides hold 1.2 fold more water than maltooligosaccharides.
Glucooligosaccharides have lower water activity than sucrose (Yoo et al., 1995).
Water activity is defined as the ratio of the vapor pressure of water in a product at a
specified temperature to the vapor pressure of pure water at the same temperature (Penfield,
1990). The sorption isotherm levels of glucooligosaccharides are higher than those of
sucrose at a water activity of 1.0 to 0.8. The moisture content of sucrose is about 9.2% at
a water activity of 0.72, while that of glucooligosaccharides is 27%. These characteristics
help reduce microbial food contamination due to low water activity (Labuza et al., 1972).
The beneficial of dietary fiber in human nutrition and health has been increasingly
recognized. The definition of dietary fiber extends broadly to the family of carbohydrates
that resist hydrolysis by human alimentary enzymes, but are hydrolyzed and fermented by
gastrointestinal microflora (Roberfriod, 1993; Robert et al., 1988). Fructooligosaccharides
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and isomaltooligosaccharides belong to a dietary fiber group. Isomaltooligosaccharides
as dietary fiber show a different functionality than fructooligosaccharides which function
a sweetener. Fructooligosaccharides do not produce the physical effects of dietary fiber,
such as viscosity increase, water holding capacity, and bulking effects (Tomomatsu, 1994).
The traditional sweetener is sucrose. Sucrose provides both a quick energy and
calories. The desire for reduced calorie intake has stimulated the development of non
caloric sweeteners. The sweetness of Neosugar is 30 to 60% of sucrose (Hirayama and
Hidaka, 1993). The sweetness of isomaltooligosaccharides mixtures is about 50% of
sucrose (Oku, 1996). Oligosaccharides used as bulking sucrose substitutes are listed in
Table 3.
Some of isomaltooligosaccharides are digested by isomaltase in the small intestine
and the residual isomaltooligosaccharides are utilized by Bifidobacteria in the large
intestine. Commercial isomaltooligosaccharides mixtures from starch consist of 10.5%
maltose and maltotriose, 4.1% glucose, 37.2% di-, 26.8% tri-, and 21.4% above tetrasaccharides (Yasuda et al., 1986). Isomaltooligosaccharides that are synthesized by
maltose as acceptor with L. mesenteroides NRRL B-1299 were applied to germ-free rats
to study the digestibility (Valette et al., 1993; Remaud et al., 1994). This product contains
18% mono-, di-, and trisaccharides, 18% tetrasaccharides, 33% pentasaccharides, and 31%
hexa- and heptasaccharides (Paul et al., 1988).
4.2. Cosmetics additives
Isomaltooligosaccharides are used as cosmetic additives. They enhance the growth
of lactic acid bacteria on the skin, suppressing the growth of other microorganisms which
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Table 3. Oligosaccharides of bulking sucrose substitutes
Oligosaccharides

Sweetness as a%
of Sucrose Sweetness

Neosugar

30-60

Galactosyl-sucrose

35-65

Soybbean oligosaccharides mixture
(Raffinose, Stachyose, sucrose, and trace of
monosaccharides)

ca. 70

Isomaltooligosaccharides mixture
(Panose, isomaltose, maltose, and glucose)

ca. 50

Xylooligosaccharides

ca. 50

Lactulose

60-70

Coupling sugar

50-60

Palatinose

37-45

Adapted from Oku (1996).
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may cause skin problems (Mansion et Paul. 1995). Fructooligosaccharides are proposed to
have a similar function in promoting the growth of lactic acid bacteria (Hirayama and
Hidaka, 1993).
4.3. Growth factor for Bifidobacteria
The oligosaccharides apparently encourage the growth of the Bifidobateria and
discourage the growth of harmful bacteria. (Georgala and Hurst, 1963; Hariharan and
Mitchell, 1976; Minor and Marth, 1976; Hoover, 1993). This change in intestinal microbial
flora is followed by relief of constipation, decreased formation of putrifactive products in
the large intestine, improved serum lipids in hyperlipidema, and reduced total cholesterol,
triglycerides, blood glucose and blood pressure (Hidaka et al., 1991). The physiological
functions of important oligosaccharides are described in Table 4.
The discovery that Bifidobacteria are the predominant microorganisms in the
intestinal flora in breast-fed infants led to the conclusion that these bacteria may help
prevent infections in infants (Ishibashi and Shimamura, 1993). Bifidobateria have long
been recognized as beneficial intestinal bacteria. In Japan, fermented milk containing viable
B. longum and B. thermophilus is marketed. Generally most bacteria do not survive
passage through the gastrointestine because of the low pH. Research has focused on the
development of a "bifidus factor" that will ensure the faster growth of Bifidobateriaba than
any other bacteria (Hirayama and Hidaka, 1993). The physiological significance of the
Bifidobateria are summarized Table 5. Most Bifidobacterum species metabolize a wide
range of indigestible oligosaccharide producing acetic and lactic acids (Mitsuaka and
Emeritus, 1992).

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

22
Table 4. Summary of various physiological functions of oligosaccharides
Physiological Function

Oligosaccharides

Usefulness

Entrapping

Cyclodextrin

Stabilization

Indigestibility, selective
utilizationby intestinal
microflora bacteriostatic

Galactooligosaccharides,
Fructooligosaccharides

Low calorie.

Growth promotion of
Bfidobacteria

Isomaltooligosaccharides,
Xylooligosaccharides

Cholesterol reduction

Anticarcinogenesis

B-Glucan,
Chitosan-oligosaccharide

Prevention or medical
treatment of cancer

Adapted from Hidaka, H. (1994).
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Table S. Biological activities of Bifidobacteria
Acid production from sucrose

Antibaterial effect
Decrease of absorption of ammonia
and ammins through intestinal walls

Immunological activation

Defense from pathogenic bacteria
Therapy of turners

Production of vitamins and enzyme

Vitamin B l, B6, Folic acid, etc.
Human casein phosphatase, Lysozyme

No production of

Ammoonia or ammes (indole etc.,) from
amino acids
H2S from amino acids
Nitrite (N20)from nitrate (ammonia from
urea)

Adapted form Hidaka et al., (1991).
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Bifidobacteria isolated from human gut contents utilized oligofructose better than
either sucrose or inulin in the chemostat cultures (Gibson and Wang, 1994).
Bifidobacteriumadolescentis ATCC 15703, B. longumATCC 15707, and 5. thermophilum
ATCC 25525 produce cell-associated fi-fructosidases. Maximum activity is found against
short-chain fructooligosaccharides with degrees of polymerization o f between three and
five. B. thermophilum inulinase is induced by inulin (DP = 35). The other two strains that
were tested were constitutive for inulinase. The production of this enzyme in all strains is
controlled by catabolite repression. Fructooligosaccharides are not utilized by Salmonella
spp. a typical pathogenic in common fowl (Oyarzabal and Conner, 1996; Bailey et al.,
1991).
5. Leuconostoc mesenteroides ATCC 13146 (B-742)
5.1. ATCC 13146
Hucker and Pederson first isolated Leuconostoc mesenteroides ATCC 13146 from
spoiled canned tomatoes. The conditions for the production of dextran by the strain were
elucidated by Tarr and Hibbert (1937). The presence of 1-6 and 1-4 linkages in the dextran
was observed in fully methylated and acetylated dextran (Fowler et al., 1937). However the
linkages of a- and B- were not determined (Levi et al., 1942). At that time, the structural
model of dextran followed starch or dextrin (Levi et a l 1942). The main chain was
thought to contain 1-4 linkages and the side chain 1-6 linkages.
It was not until the early 1950's that two dextran fractions were separated. Their
structure was determined by periodate oxidation (Jeans and Wilham, 1950; Jeanes and
Wilham, 1952). The S dextran, which is soluble in 35% ethanol contained 67% of a-D-(l-

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

25
6), main chain, 24% of a-D-(l-4) .branches, and 9% of a-D-(l-3), branches. The L
dextran fraction (insoluble in 35% ethanol) was 79% of a-D-(l-6) main chain, 20% of aD-(l-4) branches, and 2% or less of a-D-(l-3) branches.
More detailed structural analysis of the ATCC 13146 dextrans did not occur until
1979 (Symour et al., 1979)*. Fraction S, was found to consist of a linear chain of a-D-(l6) linked to 0-3 to give a comb-like polymer. Nearly all of the D-glucosyl residues in thej
backbone chain were substituted in this way, with approximately one in ten or twenty
lacking a D-glucosyl group on 0-3. The L fraction showed one D-glucosyl residue, five
(1-6) linked D-glucosyl residues, and one (1-6) linked D-glucosyl residue branching
through C-4 per average repeating unit. Seymour et al. (\919\ found that the molar ratio
of methylated D-glucose components in the fraction S was 2,3,4,6-tetra: 2,3,4,-tri: 2,4-di
= 10:1:11. This meant that about 96% of the polymer consisted of disaccharide residue
as the repeating unit and the remaining 4% consisted of a-D-(l-6) linked residues.
However it was found that the percentage of a-D-(l-3) branch points was variable (Robyt
and Cote, 1983). The differences were dependent on the conditions synthesized. Branch
formation occurs by acceptor reactions in which a-D- glucosyl group were transferred
from sucrose to OH-3 groups on a-D-(l-6)-linked D-glucan chains. Hydrolyzates of
dextran are listed in Table 6.
5.2. Dextransucrase of Leuconostoc mesenteroides ATCC 13146
Dextransucrase polymerizes the glucosyl moiety of sucrose to form dextran (Miller
et al. 1986; Kobayashi and Matsuda, 1975). The hydrolysis of sucrose provides the energy
required for the condensation of D-glucosyl units, allowing in vitro dextran synthesis. The
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Table 6. Product distribution of dextranase-hydrolyzed I4C-dextrans produced by L.
mesenteroides B-742 (ATCC 13146)
Product

Radioactivity (% o f total)
B-742L (less soluble)

D-glucose
Isomaltose
Isomaltotriose
b 4*
b5
b6
b 7- b 9
Origin

3.7
23.2
4.8
2.4
1.9
6.4
17.0
40.5

B-742S (soluble)
4.6
19.8
0.6
7.8
4.0
6.0
14.4
42.8

1Bncompounds are isomaltooligosaccharides having n-D-glucosyl residues containing
a-D-(l-4) or a-D-(l-3) branch linkages. Adapted from Cote and Robyt (1983).
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dextransucrase of ATCC 13146 was first purified and used for dextran synthesis by Cote
and Robyt (1983). They observed that changes in the enzyme reaction that affected the rate
of acceptor reaction relative to chain elongation also affected the degree of branching in the
soluble fraction of dextran. They also found that this enzyme was capable of modifying
the less soluble fraction of dextran, by transferring D-glucosyl groups to OH-3 of Dglucosy residues.
From the ATCC 13146 wild type strain, dextransucrase constitutive mutants were
produced ethyl methane sulfonate treatment (Kim and Robyt, 199S). The mutants produced
2.5 to 11 times more dextransucrase on glucose than what the parental strain produced on
sucrose. The constitutive mutant, grown on glucose, produced a dextransucrase which
synthesized a single type of dextran and when grown on sucrose, produced two
dextransucases. Another mutants grown on glucose or sucrose, produced a dextransucrase
that only synthesized a soluble dextran.
6. Enzymes of Lipomyces starkeyi
6.1. Dextranase
Enzymes which hydrolyze the a-D -(l-6) glucoside linkages are of two types:
endodextranaseisoamylase (E.C. 3.2.1.68) and pullulanase(E.C. 3.2.1.41). An extracellular
endodextranase was observed from Lipomyces starkeyi (Webb and Martin, 1983). Endodextranases react randomly to internal part of dextran linkage (a, 1-6) and produce
isomaltooligosaccharides (Richards et al., 1974). They do not cleave the a , 1-4 and B,
1-4 linkage.
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Endodextranase produced by Lipomyces starkeyi ATCC 20825 has been extensively
studied. It hydrolyzes the dextran through isomaltooligosaccharides to glucose and
isomaltotetrose (Koenig and Day, 1989; Koenig and Day, 1988). Derepressed mutants
(ATCC 20825) of this strain (ATCC 12659) produced high yields of dextranase. The
purified enzyme showed the existence of multiple isoenzymes which are catalytically
similar (Kim, 1990). The overall specificity of the endodextranase of this enzyme was
similar to the of endodextranase of Penicillin. This yeast dextranase can be directly used
in the food related industry because this strain does not produce antibiotics or toxic
metabolites (Phaff and Kortzman, 1984). Lipomyces starkeyi ATCC 74054 was selected
from Lipomyces starkeyi ATCC 12659 by Kim and Day (1992). This strain constitutively
produce endodextranase.
6.2. Other enzymes
Lipomyces starkeyi a-amylase, is not spontaneously secreted in the culture
medium, as the amylolytic system is cell wall associated (Moulin, 1979). The optimum
pH and temperature of enzymatic reaction are 3 to 4 and 50°C, respectively. There is no
accumulation of glucose, maltose, or maltotriose on starch. This strain hydrolyses starch
without the accumulation of fermentable sugars.
Thermostable extracellular a-amylase and a-glucosidase were partially purified
from Lipomyces starkeyi CBS 1809 grown on maize starch and soy bean meal by Kelly et
al. (1985). Optima pH of a-Amylase and a-glucosidase were 4.0 and 4.5 and temperature
optima are 70°C and 60°C, respectively. These two enzymes are located extracellularly
and have molecular weight o f76,000 and 35,000, respectively.
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7. Mannitol
7.1. Mannitol production
The production of mannitol of fructose by lactic acid bacteria was first observed by
an early studies in the 1900's (Perterson and Fred, 1920). The enzymes involved, called
polyol dehydrogenases, were extensively studied to find the pathway of generating polyols
such as sorbitol, mannitol, and etc (Mccorkindale and Edison, 19S4; Arcus and Edison,
1956; Show, 1956). Lactobacillus species are classified with two groups, homofermentative
and heterofermentative. Under anaerobic conditions Leuconostoc meseneteroides ATCC
12291 was found to convert the original fructose to mannitol (Busse et al., 1961).
The microbial enzyme, D-mannitol dehydrogenase (E.C. 1.1.1.67), converts
fructose to mannitol. Many microorganisms produce this enzyme including Lactobacillus
brevis, Leuconostoc mesenteroides, Agaricus campestris, and Aspergillus candidus
(Martinez et al., 1963; Yamanaka, 1975; Edmundowicz and Wriston, 1963; Strandberg,
1969). This enzyme was first crystallized from the Lactobacillus brevis ATCC 367
(Martinez et al., 1963). This strain accumulated mannitol dehydrogenase in quantities
equivalent to about 3% of the total soluble proteins. Leuconostoc mesenteroides ATCC
9135 produced

the crystalline D-mannitol dehydrogenase (D-mannitol: NAD

oxidorreductase, EC 1.1.1.67) (Sakai and Yamanaka, 1968). This enzyme catalyzes the
reversible reduction of fructose to mannitol. The enzyme is intracellular and NADHdependent.
Commercially, the synthesis of mannitol occurs by catalytic or electrochemical
reduction of glucose (Kulbe et al., 1987). However, recently as the demand for natural
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products increased, techniques for enzymatic reaction by whole cells or enzymes were
developed (Berezenko and Sturgeon, 1991). Mannitol and gluconic acid production have
been producing using conjugated mannitol and glucose dehydrogenases from mixtures of
glucose and fructose obtained from sucrose hydrolysis (molasses) with invertase (Kulbe
et al., 1987). Final products contained glucose, fructose, gluconate, and mannitol in
phosphate buffer.
Recently mannitol or other polyols has been produced using strains other than
Lactobacillus. Aureobasidium pullulans produces extracellular polyols including mannitol
of which yields are about 23% in the 20% (w/v) sucrose medium (Yun and Song, 1995).
The osmophilic yeast, Zygosaccharomyces rouxii, produced ethanol and polyols (mannitol
and arabitol) in 20% (w/v) glucose (Groleau et al., 1995).
7.2. Use of mannitol
Mannitol is about 70% as sweet as sucrose. Mannitol is slowly and incompletely
absorbed from the intestine, suppling only about one-half energy value of glucose.
Mannitol is GRAS additive in food (Ensminger et al., 1994). It is used in foods for
anticaking, stabilizer and thickening, and as a texturizer. Combination of mannitol and
deferoxamine protect against myohemoglobinuric acute renal failure (Zager, 1994).
Mannitol reduces plasma hydrogen peroxide free radical in patients undergoing coronary
artery bypass graft surgery (Yang et al., 1992).
8. Goals of this study
The overall objective of this project was to develop a process for the production of
branched glucooligosaccharides, from “the dextran” fermentation, that may be used as a
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food additive. Specific objectives were: (1) to optimize dextran production by L.
mesenteroides ATCC 13146, (2) to evaluate glucooligosaccharides production by mixed
cultures, L. mesenteroides ATCC 13146 and L. starkeyi ATCC 74054, (3) to evaluate
glucooligosaccharides production through an acceptor reaction with a maltose as acceptor
by L. mesenteroides ATCC 13146, (4) to apply glucooligosaccharides produced to the
utilization by selective bacteria.
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MATERIALS AND METHODS
1. Organisms
The ascosporogenic yeast Lipomyces starkeyi ATCC 74054 is a derepressed
constitutive mutant for dextranase production which was derived from Lipomyces starkeyi
ATCC 12659 (Kim and Day, 1992). Leuconostoc mesenteroides ATCC 13146, Leuconostoc
mesenteroides ATCC 10830, Leuconostoc mesenteroides ATCC 11449, Staphylococcus
aureus ATCC 14776, Staphylococcus epidermxdis ATCC 31432, Clostridium perfringenes
ATCC 3624, Bifidobacterium bifidum ATCC 35914, and Bifidobacteriumfidlorum ATCC
27685 were purchased from the American Type Culture Collection (Rockville, MD).
Salmonella enteritidis and Salmonella typhimurium were obtained from Department of
Food Science, Louisiana State University.
2. Growth and maintenance conditions
L. mesenteroides ATCC 13146 was maintained on agar slants of a mineral medium
(MM), the composition of which is given in Table 7 plus 0.5% (w/v) yeast extract (MMY)
or on tryptic soy agar with 3% (w/v) sucrose as carbon source. Medium pH was adjusted
to 6.0 prior to sterilization. Working cultures were prepared by incubating the culture in 10
mL of MMY with 2% (w/v) sucrose at room temperature. The organism was subcultured
daily. Lipomyces starkeyi ATCC 74054 was maintained on agar slants made of either
MMY or MMA which consists of MM plus 0.5% (w/v) (NH4)2S04 containing either 2%
(w/v) sucrose or 1% (w/v) soluble starch as carbon source. The medium pH was adjusted
to 4.5 prior to sterilization. Working cultures were prepared by incubating the culture in

32
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Table 7. The composition of mineral media*.

Chemicals

1. MM

kh 2po 4

FeSO4.H20
MnSO4.4H20
MgSO4.7H20
NaCl
CaCl2
2. MMY

MM + 0.5% Yeast extract

3.MMA

MM + 0.5% (NH^SO,

Concentration (g/L)

3.00
0.01
0.01
0.20
0.01
0.05

aChemicals were dissolved to deonized water. The pH was adjusted to the experimental
conditions by 40% (w/v) NaOH or HC1.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

34
200 mL of pH 4.5 MMA containing 1% (w/v) sucrose or soluble starch in 500 mL-shake
flasks. Cultures were incubated on a shaker at 30°C and 200 rpm. The organism was
subcultured biweekly.
Stock cultures, selected pathogenic bacteria, were maintained on tryptic soy agar
(TSA; Difco Laboratory, Detroit, MI). Clostridium perfringens grew anaerobically on this
medium. Working cultures of Salmonella enteritidis and Salmonella typhimurium were
grown in 10 mL of pH 7.0 MMA containing glucose, oligodextran, dextran, or
oligosaccharides as carbon sources at 30°C. The concentration of carbon source was 0.5%
(w/v). Staphylococcus aureus and epidermidis were grown on 10 mL of pH 7.0 MM
containing 0.3% (w/v) yeast extract and 0.5% (w/v) carbon sources at 30°C. Clostridium
perfringens were anaerobically grown on 5 mL of pH 7.0 MMA containing 0.5% (w/v)
carbon source in the GasPak (Cockeysvill, MD). Culture temperature was adjusted to 30°C.
Carbon sources were glucose, mannitol, dextran, and oligosaccharides. Cultures were
subcultured weekly.
Bifidobacterium bifidum and B. fullorum were cultured on modified medium of the
Mckella and Molder (1989). This media consisted of the following gram per liter of
deionized water: tryptone, 10; peptone, 5; yeast extract, 2.5; cystein, 0.5; K2HP04, 2;
KH2P04, 3; MgCl2, 0.5; FeS04.H20 , 10 mg; CaCl2, 0.15; Tween 80, 1; glucose 5. The pH
of medium was adjusted to 7.0. Stock cultures were maintained on a MRS (Difco, Detroit,
MI) agar slant or plate at 4°C. Working culture was prepared by incubating strains in tubes
containing 10 mL medium and 1% (w/v) glucose. The organisms were subcultured weekly.
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3. Enzyme production
3.1. Dextransucrase
L. mesenteroides dextransucrase was produced in batch culture in 500 mL shake
flasks containing 200 mL of MMY and 2% (w/v) sucrose. Initial pH of the media was 7.0.
Cultures were incubated on a shaker at 200 rpm and 28°C. Dextransucrase was purified
using an aqueous two phase separation system (Paul et al., 1984). Cell free culture
supernatant, 5 mL, was added to a tube containing 5 mL of a 10% (w/v) dextran T 500
solution. The solution was mixed and then 5 mL of a 20% (w/v) polyethylene glycol
solution (M.W. 3,350) was added. The contents were again mixed and centrifuged at 3020
x g for 10 min (Sorvall RC5C Dupont, Newtown, CT). The polyethylene glycol phase was
removed by decantation and the dextran rich phase was added to deionized water until a
volume of 10 mL was reached. A second aliquot of 10 mL of polyethylene glycol was
added and centrifuged. The final dextran phase was made up to 5 mL with 100 mM sodium
acetate (pH 5.2).
3.2. Dextranase
L. starkeyi dextranase was produced by batch fermentation in a 2 L- Bio Flo II
Fermentor (New Brunswick Scientific Co.) or a 30 L-Microferm Fermenter, Model CMF
128S (New Brunswick Scientific Co.). The medium was MMY containing 1% (w/v)
gelatinized soluble starch or 1% (w/v) sucrose. The inoculum was 10% (v/v) of the
working volume. The pH was adjusted to 4.0 prior to sterilization. The aeration rate was set
at 1.0 wm and temperature was maintained at 28°C. Growth was monitored by absorbance
at 660 nm by a spectrophotometer.
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After harvesting, cells were removed by a centrifugation (10,400 x g, 20 min),
(Dupont Sorvall RC5C, Newtown, CT) at 4°C. The supernatant solution was adjusted to pH
5.5 by adding NaOH, and then it was concentrated and purified using a 10K molecular
weight cut off filters (Amicon, Bevely, MA) or (De Danske, Nakshov, Denmark). The final
concentrated enzyme was diluted with 100 mM sodium acetate (pH 5.2).
4. Dextran production
The effect of pH on dextran production by L. mesenteroides ATCC 13146 was
determined by incubating this strain in 10 mL of MMY plus 2% (w/v) sucrose at different
pH values. The cultures were incubated at 200 rpm and 28°C.
Optimum of sucrose concentration for dextran production was determined by
incubating cultures containing 10 mL o f MMY with sucrose concentrations ranging from
2.0 to 50% (w/v) at pH 6.0 and 28°C. All the cultures were incubated at 200 rpm.
Fermentation was conducted in a 2-L Bio Flo H Fermentor (New Brunswick
Scientific Co.) with a working volume of 1.2L. The media was MMY and 15% (w/v)
sucrose. The pH of media was initially adjusted to 6.0 by adding NaOH and then
maintained using a pH controller. The inocula were grown in 250 mL shake flasks
containing 50 mL of MMY plus 2% (w/v) sucrose. The inoculation rate was 1.0% (v/v) of
the working volume. Temperature was maintained at 28°C. The agitation rate was 100 rpm.
5. Dextran production by mixed cultures
Dextrans were produced by a modification of the method of clinical dextran
produced by mixed cultures (Kim, 1994). Fermentation was conducted in a 2-L Bio Flo II
(New Brunswick Scientific Co.) with a working volume of 1.2 L. The media was MMY
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with 15% (w/v) sucrose. Inocula were prepared by incubating L. mesenteroides ATCC
13146 cultures in 250 mL shake flasks containing 50 mL of MMY plus 2% (w/v) sucrose.
The pH of the media was adjusted to 5.2 by addition of NaOH and maintained using a pH
controller. Temperature was maintained at 28°C. The agitation rate was 200 rpm. Inocula
of L. starkeyi ATCC 74054 were prepared by incubating cultures in 1 L shake flasks
containing 500 mL of MMY plus 1% (w/v) sucrose. The amount of inocula of two cultures
was 10% (v/v) of total volume. Both cultures in a ratio of 9 to 1 ( L. mesenteroides and L.
starkeyi) were inoculated simultaneously into the fermentor.
6. Dextran and mannitol recovery
After harvesting, cells were removed by centrifugation at 10,400 x g for 20 min
(Dupont Sorvall RC5C, Newtown, CT) at 4°C. The pH of the supernatant solutions was
adjusted to 7.0. The dextrans were precipitated by an addition of ethanol (95%). Ethanol
was slowly added to the supernatant solution with stirring at room temperature until the
volume of ethanol reached two thirds of that of the original solution. The solution was then
allowed to stand for 2 hrs and then centrifuged at 3,040 x g for 20 min. The recovered
dextrans were dissolved in deionized water and reprecipitated with ethanol. The dextrans
were either lyophilized or vacuum-dried, and stored for analysis. Mannitol was recovered
from dextran depleted solutions by concentration and crystallization. The dextran depleted
solution was concentrated to 40% using a rotary vacuum evaporator, Rotavapor R110
(Buchi, Switzerland). The concentrated solution was stored at -20°C. Product was partially
crystallized at the low temperature. It was recovered and washed with 95% (v/v) alcohol.
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7. Oligosaccharide production.
7.1. Oligosaccharides production by mixed cultures of L mesenteroides ATCC 13146 and
L. starkeyi ATCC 74054
Batch and fed batch, fermentations were conducted in a 2-L Bio Flo II Fermentor
(New Brunswick Scientific Co.) with the working volume of 1.2L. The media consisted of
MMY and 15% (w/v) sucrose. Inocula of L. mesenteroides and L. starkeyi were prepared
as described previously. The amount of inoculum was 10% (v/v) of total the volume in a
9 to 1 ratio of L. starkeyi and L. mesenteroides. Batch fermentation was simultaneously
supplied with sucrose and inocula. Fed batch fermentations were fed with sucrose at a rate
of 112 mg/mL-hr to a final sucrose addition of 150 g/L. The pH of media was adjusted to
5.2 by addition of NaOH and then maintained with a pH controller. Temperature was
maintained at 28°C. The agitation rate was 200 rpm. Fermentation continued until all the
sucrose was utilized.
Staged inoculum fermentations were conducted using with a 2-L fermentor (New
Brunswick Scientific Co.) or 30 L-Microferm Fermenter Model CMF 128S (New
Brunswick Scientific Co.) with working volume of either 1.2 L or 20 L. Operating
conditions were pH 4.5, temperature 28°C, aeration 1 wm, and agitation 200 rpm. The first
stage of fermentation was started with MMY containing 1% (w/v) of either gelatinized
starch or sucrose. Inoculum was 10% (v/v) of L. starkeyi of total volume. After the L.
starkeyi reached mid log phase (Absorbance ^ = 5.0), 15% (w/v) sucrose and 1% (v/v)
of L. mesenteroides grown for 12 hrs was added. Mixed culture conditions were pH 5.2,
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28°C, aeration 0.5 wm, and agitation 100 rpm over two days. Fermentation continued until
all the sucrose was consumed.
7.2. Oligosaccharides production by acceptor reaction
A study of effects of sucrose to maltose ratio's on the synthesis of oligosaccharides
by L. mesenteroides and L. mesenteroides and Lstarkeyi (mixed cultures) was conducted
in 250 mL-flasks containing 50 mL of MMY and 5% (w/v) sucrose, and 0.1,1.0, and 5.0
% (w/v) maltose supplements. Batch fermentation was conducted at pH 6.5,28°C, and 200
rpm.
Acceptor reaction by L. mesenteroides was conducted in a 2-L Bio Flo II Fermentor
(New Brunswick Scientific Co.) with a working volume of 1.2L. The media was MMY and
10% (w/v) sucrose and 5% (w/v) maltose. The pH of the media was initially adjusted to 6.0
by adding NaOH. The inocula were grown in 250 mL shake flasks containing 50 mL of
MMY plus 2% (w/v) sucrose. The inoculation was 1.0% (v/v) of the working volume.
Batch fermentation was conducted at pH 6.5,28°C, and 200 rpm.
The effect of pH on oligosaccharides production by L mesenteroides ATCC 13146
was determined by incubating this strain in 50 mL of MMY containing 3.75% (w/v)
substrate (S/M=2) different pH values. The cultures were incubated at 200 rpm and 28°C.
Optimum of sucrose concentration for oligosaccharides production was determined by
incubating cultures containing 50 mL of MMY containing different sucrose concentrations.
The ratio of sucrose to maltose was 2. Batch fermentation was conducted at pH 6.5,28°C,
and 200 rpm.
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8. Enzyme assays
Dextransucrase and dextranase were assayed by measuring the reducing sugars using
the DNS method (Sumner, 1924). For dextransucrase, the buffer concentration was 100
mM of pH 5.2 sodium acetate, containing 1 mM CaCl2. Enzyme, 300 pL, was incubated at
ambient temperature in 2.7 mL of buffer containing 10% (w/v) sucrose. Aliquots of 300
pL were removed after 20 min of reaction and the reducing sugar was determined. One unit
of dextran sucrase activity was defined as the amount of enzyme producing 1 pmol of
fructose per minute.
Dextranase activity was measured using the method of Konig and Day (1989).
Enzyme solution was reacted with 5% (w/v) T-500 dextran for 20 min in 100 mM sodium
acetate at pH 5.2. Activities were determined from rate of increase in reducing sugar. One
unit of dextranase was defined as the amount of enzyme which liberates 1 pinole of
isomaltose equivalents in one minute.
9. Product characterization
9.1. Dextran and oligosaccharide hydrolysis
Dextran produced by both L. mesenteroides and L. mesenteroides and L. starkeyi,
mixed cultures, product isomaltooligosaccharides, standard isomaltooligosaccharides,
industrial grade dextran, and T 500 were hydrolyzed by two dextranases produced by L.
starkeyi and Penicillium (Sigma Chemical Company, MO). Saccharides, 0.5% (w/v), were
dissolved in 2 mL of acetate buffer containing 100 mM sodium acetate, 20 mM CaCl^ and
0.02% (w/v) sodium azide. The solution was adjusted to pH 5.2 and then Penicillium
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dextranase (0.3 IU / mL) or L. starkeyi (0.5 IU / mL) dextranase was added and incubated
with at 35°C for 24 to 48 hrs. Hydrolyzates were analyzed by either TLC or HPLC.
9.2. Molecular weight determination
Dextran size was determined using

gel permeation chromatography with

Ultrahydrogel Linear column (Millipore, MA). Deionized water was the eluent and the
temperature was ambient The rate of elution was 1.0 mL / min. The detector was a 410
Differential Refractometer (Millipore Corporation, MA). Dextran sizes were calculated
from a standard curve made using the following standards (0.1%, w/v); T 5, T 10, T 40, T
70, T 500, T 2000 (Pharmacia, Piscataway, NJ). Sample concentration was 0.5% (w/v) and
it was passed through a 0.2 pm filter prior to use.
10. Identification and quantification
10.1. Isomaltooligosaccharides
Isomaltooligosaccharides were separated using an ion-exchange column, Aminex
HPX-42A (Bio-Rad, Hercules, CA). The pH of samples was adjusted to 6.5. Samples,
0.1% (w/v), were dissolved in deionized water. The injection volume was 50 pL. The
column temperature was 85°C and the eluent was deionized water. The rate of eluent was
0.4 mL / min. The detector was a 410 Differential Refractometer (Millipore Corporation,
MA). The identification of product, oligosaccharides, was determined by comparing with
a standard isomaltooligosaccharides mixtures (BioEurope, Toulouse) that contain a DP
range of 1 to DP 11. Pannose and isomaltose (Sigma Chemical Company, MO), and
isomaltopentose (BioEurop, Toulouse) were used as internal standards for the branched
oligosaccharides detection.
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Oligosaccharides were also identified and quantified with

thin layer

chromatography on either Whatman K5 0.25 mm silica gel plates or on E. Merck plates 0.25
mm of 1:1 silica gel 60-Kieselguhr. The solvents were methylacetate, ethylacetate,
propanol, and water in volume (mL) proportions of 85: 20: 50: 85. Two ascents were
conducted. The plates were air dried, and the spots were visualized with an spray reagent
, 5% (v/v) H2S04 in ethanol containing 0.3% (w/v) alpha-naphthol. The plates were heated
at 100°C for 10 to 20 min for development. The isomaltooligosaccharides were identified
by comparing their chromatographic behavior with those of the standards previously
described. Total oligosaccharides concentrations were calculated from chemical assay by
the phenol-sulfuric method (Dubois et al., 1956). Individual amount of oligosaccharides
were determined by HPLC as previously described.
10.2. Sugars
Carbohydrates were determined by HPLC. In the course of fermentation, the change
of carbohydrates was monitored. Sucrose, fructose, glucose, mannitol, and maltose were
identified by injecting known standards. Sorbitol, 5% (w/v), was used as an internal
standard (I.S.). After sampling, cell free supernatants were adjusted to pH 6.0 to 7.0 and
diluted to about 0.1% (w/v) of sugars concentration with deionized water in the 100 mL
volumetric flask containing 1 mL internal standard solution. Samples were filtered through
a 0.22 pm membrane. The HPLC used was a Waters LC with model 410 Differential
Refractometer (Millipore Corporation, MA). The column was Sugar-Pak ion exchange / size
exclusion column (Millipore Corporation, MA). The temperature of column was 90°C. The
eluent was deionized water. The elution rate was 0.5 mL / min. Sugars were identified by
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both comparing the peak retention times of products with internal standards (I.S.) and
external standard method.
10.3. Qantification of sugars
The concentrations of selected identified products were quantified by development
of calibration curves of peak area ratios (analyte / I.S.) vs amount ratios (analyte / I.S.) with
standard solutions, sorbitol, under identical HPLC conditions that above described. The
concentration of a selected compound was calculated as follows:
Amount (g/L) = Sorbitol (g/L) x (Analyte area / I.S. area)
11. Growth effect of oligosaccharides on selected pathogenic bacteria and Bifidobacterium
Carbon sources such as glucose, mannitol, commercial isomaltooligosaccharides
(Wako Pure chemical, Japan) were used as substrate controls. Commercial
isomaltooligosaccharides ranged from DP 2 to 5 in size. Experimental oligosaccharides
were from DP 2 to 6 in size. All oligosaccharides produced by L. mesenteroides ATCC
13146 were branched oligosaccharides.
The different combinations of oligosaccharides and glucose was used to determine
the growth of selected pathogenic bacteria. The 1% (v/v) inocula were aseptically
transferred into 10 mL of pH 7.0 MMA and 0.5% (v/v) carbon sources. Absorbance was
measured at 660 nm. The carbon sources, 0.5% (w/v) of glucose,

mannitol,

oligosaccharides plus mannitol, oligosaccharides, dextran (T 500), and dextran produced
by L. mesenteroides ATCC 13146 were transferred into 10 mL MMY and 1% (v/v)
inoculum was added. The growth was conducted at pH 7.0 for 24 hr. C. perfringrnes was
anaerobically cultured. The effect of growth of

commercial and experimental
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oligosaccharides on selective pathogenic bacteria, Salmonella typhimurium, Salmonella
enteritidis, Staphylococcus epidermidis, and Staphylococcus aureus, was determined. A
1 % (v/v) of inoculum grown or glucose medium for 24 hr was used. Bacteria were cultured
in MMY containing 0.5% (w/v) oligosaccharides at 30°C, pH 7.0, and 200 rpm for 24 hr.
Growth was based on cell mass assayed as absorbance at 660 nm. S. typhimurium, which
showed the best growth on glucose was designated as 100%.
The effect of growth of commercial and experiment oligosaccharides, mannitol, and
glucose on Bifidobacterium bifidum and B. pullorum was determined. The 1% (v/v)
inoculum grown at glucose medium was used. Bacteria were anaerobically cultured in
media containing 0.5% (w/v) oligosaccharides at 37°C, pH 7.0 for 48 hr. Growth was
assayed by absorbance at 660 nm. Bacterial controls were prepared without a substrate. All
the cultures were anaerobically incubated using ajar (GasPak, Cockeysvill, MD).
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RESULTS
1. Growth of and enzymes from L. mesenteroides ATCC 13146 and L. starkeyi ATCC
74054
LI. Growth of L. mesenteroides ATCC 13146 and the change of dextransucrase activity
throughout the fermentation.
Growth of L. mesenteroides ATCC 13146 on sucrose in batch fermentation was
monitored (Fig. 5). Dextransucrase activity was dependent on pH of medium. The highest
enzyme activity of 0.31 IU was found in the late of stationery phase. As the pH of medium
dropped below 5.9, enzyme activity decreased. It was still 0.26 IU at pH 4.2. This activity
was the same as that found in early of log phase.
1.2 . Growth and dextranase production by L. starkeyi ATCC 74054
Growth and dextranase production by L. starkeyi ATCC 74054 were studied with
sucrose or soluble starch as the carbon source. This strain produces dextranase
constitutively. The highest enzyme activity on sucrose (0.25 IU) or starch (1.65 IU) was
found in the early of log phase of regardless the growth rate (Fig. 6). The maximum
specific enzyme activity was 0.175 IU / mg-cells on 1% (w/v) soluble starch and 0.046 IU/
mg-cells on sucrose. Final cell mass was 9.40 (mg/mL) on 1% (w/v) starch and 5.40
(mg/mL) on 1% (w/v) sucrose (Table 8).
2. Dextran production by L. mesenteroides ATCC 13146
The optimal pH and sucrose concentrations for production of dextran by ATCC
13146 were determined. The conversion of fructose to mannitol was monitored because
fructose, liberated from sucrose, can serve as an electron acceptor for reoxidation of NADH.
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Fig. 5. Growth and dextransucrase production by L. mesenteroides
ATCC 13146 in MMY containing 2% (w/v) sucrose. Cultures were
incubated in shake flasks with starting pH 7.5,28°C, and 200 rpm.
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Table 8. Growth, dextransucrase, and dextranase production by L. mesenteroides ATCC
13146 and L. starkeyi 74054

Strains

Carbon
Sources
(g/L)

Specific
Growth rate
(hr1)

Cell
Mass*
(IU/mL)

Enzyme
Activity1*
(IU/mL)

Specific
Enzyme
Activity
(TU/mg cell)

ATCC 13146 2% sucrose

0.14

1.03

0.31

1.21

ATCC 74054 1% Starch
(20L)

0.054

9.40

1.65

0.18

0.047

5.40

0.25

0.05

1% Sucrose
(20L)

a Cell mass was assayed by dry weight Cellular dry weight was determined by the
measuremewnt of the absorbance at 660 nm with appropriate culture dilutions and
comparison to the values obtained from weight of diem after dry.
b The time to measure enzyme acivity was at the end of fermentation.
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The structure o f the dextran produced by L. mesenteroides ATCC 13146 was compared
with the dextran from L. mesenteroides ATCC 18030 as a standard. The types of
oligosaccharides produced by either mixed culture or acceptor reactions, were dependent
on the dextransucrase and/or alternate acceptors produced during the fermentation.
2.1. Effect of pH
The optimal starting pH for growth and dextran production by ATCC 13146 were
determined in batch culture. Specific growth rate increased as the starting pH of the
medium increased (Table 9). The highest specific growth rate (0.438 h r1) and cell mass
(1.47 mg/mL) were produced with a starting pH of 7.5. The conversion of sucrose to
dextran paralleled growth but the conversion of fructose to mannitol did not (Fig. 7). The
greatest accumulation of dextran was with a starting pH of 7.5 and of mannitol with a
starting pH of 6.0.
Dextran production does not appear to be linked to mannitol production. Dextran
yield remained constant from pH 5.0 to 6.5, and then increased from pH 6.5 to pH 7.5.
Mannitol yield increased linearly from pH 5.0 and peaked at 6.0. Dextran productivity was
not linked with dextran yield. Productivity was increased linearly as the medium pH
increased. The highest productivity was 0.72 g/L-hr at pH 7.5. The productivity of mannitol
paralleled mannitol yield. The highest productivity of mannitol was 0.71 g/L-hr at pH 6.0.
Based on results, pH 6.5 was selected as the optimum for dextran, oligosaccharides,
mannitol production by L. mesenteroides ATCC 13146.
2.2. Effect of sucrose concentration
The effect of sucrose concentration on growth, dextran, and mannitol production by
L. mesenteroides ATCC 13146 were determined in batch fermentations. The specific

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

50
Table 9. Effect of starting pH on dextran and mannitol production by L. mesenteroides
ATCC 13146.

pH

7.5
6.5
6.0
5.5
5.0

Utilized
Specific Growth Final Cell
Mass (mg/mL) *
Sucrose (g/L)
Rate (hr1)
20.00
20.00
19.50
18.50
15.39

0.438
0.433
0.422
0.401
0.374

1.465
1.269
1.079
1.082
0.956

Dextran6
(g/L)
7.24
6.32
5.95
5.45
5.30

Mannitol0
(g/L)
6.88
7.64
8.52
6.59
4.35

“Cell mass was assayed by dry weight.
bDextran was assayed by phenol-sulfuric method (Dubois et. al, 1956).
“Mannitol was determined by HPLC with ion-exchange column.
Fermentation was performed at 28°C and 200 rpm for 10 hr. Sucrose concentration
was 20 g/L.
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growth rate was dependent on sucrose concentration and was highest (0.73 h r1) on 2% (w/v)
sucrose. Over the range of 10 to 15% (w/v) sucrose, the specific growth rate was 0.66 h r1.
Growth rate decreased rapidly in greater than 20% (w/v) sucrose (Table 10). Sucrose
concentration had different effects on the synthesis of dextran compared to the conversion
of fructose to mannitol. The amount of mannitol produced was independent of sucrose
concentration.
Higher sucrose concentration did not ensure higher dextran yield (Fig. 8). At 38
% (w/v) sucrose there was no production of dextran. Conversion efficiency of sucrose to
dextran was highest at 10% (w/v) sucrose, 93% of the theoretical yield. Productivity was
1.78 g/hr/L at this concentration. As the sucrose concentration increased, production rate
of mannitol was also increased. At greater than 10% sucrose productivity remained
between 1.40 to 1.52 g/hr-L. The yield of mannitol paralleled dextran yield, regardless
productivity.
L. mesenteroides ATCC 13146 produced two types of dextrans, soluble (45%
alcohol precipitation) and less soluble (39% alcohol precipitation) dextrans.

The

composition of “dextran” produced by ATCC 13146 changed with sucrose concentration
(Fig. 9). As sucrose concentration increased, up to 17.8% (w/v), the percentage of soluble
dextran increased, up to 30% of the total dextran produced.
2.3. Dextran production by L. mesenteroides ATCC 13146
Dextran was produced under the following conditions; sucrose 15% (w/v), pH 6.5,
1 wm of aeration, 100 rpm of agitation, and 28°C. The pH was controlled during the
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Table 10. Product yields by L. mesenteroides ATCC 13146 as a function of sucrose
concentration
Sucrose Unreacted
Sucrose (g/L)
20.0
92.4
178.0
253.0
381.5

20.0
39.9
64.3
85.6
135.3

Final Cell* Dextran b
Growth
Rate (hr1) Mass (mg/mL) (g/L)
0.732
0.664
0.624
0.477
0.210

1.278
1.269
1.214
0.920
0.374

Mannitolc
(g/L)

5.30
5.45
5.95
6.32
7.24

*Cell mass was assayed by dry weight.
bDextran was assayed by phenol-sulfuric method (Dubois et al., 1956).
cMannitol was determined by HPLC with ion-exchange column.
Fermentation was performed at 28°C and 200 rpm for 10 hr.
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Fig 8. Yield and productivity of dextran and mannitol produced by L
mesenteroides ATCC 13146 in MMY as a function of sucrose
concentration. Growth experiments were conducted in shake flasks
culture at pH 6.5, 28°C and 200 rpm for 10 hr.Yp/s (%) = dextran
(g/L) / glucose of sucrose (g/L) x 100. Ym/s (%) = mannitol (g/L) /
fructose of sucrose (g/L) x 100. Qd = dextran (g/L) / fermentation time
(hr). Qm = mannitol (g/L) / fermentation time (hr).
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Sucrose Concentration (w/v)
■ 39% dextran □ 45% dextran

Fig. 9. Composition of dextran produced by L. mesenteroides ATCC
13146. Less soluble dextran and soluble dextran were fractionated by
39% and 45% (v/v) alcohol. Dextran was assayed as total carbohydrates
by the phenol-sulfriric acid method (Dubois et al., 1956).
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fermentation. The production of dextran by L. mesenteroides ATCC 13146 was linked with
the growth (Fig. 10). After 24 hr dextran reached its highest concentration of 59.4 g/L. The
sucrose was consumed completely after 40 hrs. Growth reached stationery phase when
sucrose became limiting, regardless of the presence of fructose or mannitol. When the
specific growth rate was 0.54 h r1, utilization averaged 5.8 g/L-hr. The yield and
productivity of dextran were 80% and 2.0 g/L-hr, respectively.
The conversion of fructose to mannitol started when sucrose utilization started.
Fructose concentration in the medium increased until it reached 10% (w/v) of starting
sucrose concentration in early stationery phase (24 hr) and then dropped as it was rapidly
converted to mannitol. Yield and productivity of mannitol were 89% and 2.14 g/L-hr in the
final stages. The chromatograms of the fermentation broth are shown in Fig. 11. After 50
hr, the only dextran and mannitol, that may be easily separated by alcohol, appeared in the
chromatogram (Fig. 11,4th chromatogram). Two different size of dextrans were detected
in the end of fermentation (4th, chromatogram).
2.4. Characterization of dextran produced by L. mesenteroides ATCC 13146
(1) Molecular weight of dextran
Dextran produced by ATCC 13146, in batch fermentations were separated based on
ethanol precipitability; less soluble dextran precipitated at 39% (v/v) alcohol, soluble
dextran at 45% (v/v) alcohol, and total dextran at 50% (v/v) alcohol. Less soluble dextran
was gummy and brittle in texture. It did not dissolve in water at room temperature, but
dissolved after 10 min in boiling water (dextran, 2%). The solution was clear. Soluble
dextran was sticky and dissolved at the room temperature. The solution was hazy. The
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Fig. 10. Dextran and mannitol production by L. mesenteroides ATCC 13146
on MMY containing 15% (w/v) sucrose. Fermentation was conducted in pH
controlled fermentor. Operating conditions were 100 rpm, pH 6.0, 28°C, and
aeration 1 wm.
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Fig. 11. HPLC chromatogram of the change of sugars during the fermentation
by L. mesenteroides ATCC 13146. Fermentation conditions were pH 6.0,
28°C, 100 rpm, and 1 wm. Sucrose concentration was 15% (w/v). The time
of fermentation, 1, 2, 3, and, 4 on chromatogram indicate 0, 13, 24, and 42
hr. DEX, SUC, GLU, FRU, and MANT indicate dextran, sucrose, glucose,
fructose, and mannitol, respectively. The HPLC column was a Sugar-Pak ion
exchange/ size exclusion (Millipore Corp., MA). The temperature of column
was 90°C. The eluent was deionized water and rate was 0.5 mL / min.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

59
composition of dextran produced by fermentation was 25.5% soluble and 74.5% less souble
dextran. The range of molecular weights of the dextrans were determined by gel permeation
chromatography, Ultrahydrogel Linear column (Millipore). High molecular weight dextran
(39% alcohol, v/v), less soluble dextran, eluted from this column between T 500 and T
2000, a commercial linear dextran (Table 11). Soluble dextran (45% alcohol, v/v) eluted
at between T 70 and T 150 dextran. The molecular weight average of total dextran (50%
alcohol, v/v) was between 150,000 to 500,000.
(2) Hydrolysis of dextran
Dextran produced by ATCC 13146, T 500, and dextran produced by ATCC 18010
were hydrolyzed by dextranase produced by a Penicillium sp. or L. starkeyi ATCC 74054.
The composition of dextran hydrolyzates is important because it shows the types of
acceptors. The soluble (45%) dextran, less soluble (39%) dextran, total dextran (50%)
produced by ATCC 13146 were all more resistant to dextranase than the dextrans produced
by ATCC 18030 (Table 12). The degree of hydrolysis of dextran by Lipomyces dextranase
was greater than that of Penicillium dextranase. Dextran hydrolyzates were analyzed by
TLC (Fig. 12). Lipomyces dextranase released mostly glucose (36.7% hydrolysis) from less
soluble dextran (Lane A l, 2, and 3). This dextran was resistant to Penicillin dextranase
(3.9% hydrolysis). A few oligosaccharides were detected from hydrolyzates of less soluble
dextran. The hydrolyzates (Bl, 2 and 3) of soluble dextran were a family of DP 1 to 6
isomaltooligosaccharides. By comparing the Rfj, values with those of linear standard
isomaltooligosaccharides (a-D -( 1-6)-linked D-glucopyranosyl residues} (Lane S), the
hydrolyzates of soluble dextran might contain a-D-Glc (1-4)- or Glc (1-3) - branched
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Table 11. Distribution of dextran size produced by L. mesenteroides ATCC 13146
Dextrans

Molecular Weight

Elution volume
(mL/min)

Linear dextrans *
T2000
T 500
T 150
T 70
T 40
T 10
T
5

2,000,000
500,000
150,000
70,000
40,000
10,000
5,000

7.651
7.767
8.067
8.283
8.517
9.142
9.351

Dextrans (ATCC 13146)
Dextans (50%)b
Less soluble (39%)
Soluble (45%)

150,000 to 500,000
> 500,000
70,000 to 150,000

7.852
7.365
8.125

*Commercial dextrans were obtained from Phamacia Co. and Sigma Co.
b Dextrans were fractionated by ethanol.
Dextran size was determined by a gel permeation chromatography. Flow rate was 1.0
mL/min. Column was Ultrahydrogel Linear (Millipore). Eluent was deionized water.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

61
Table 12. Hydrolysis of dextran produced by L. msenteroides ATCC 13146
Dextrans

% Hydrolysis
Penicillium
Dextranase

Dextran (ATCC 13146)
Less soluble (39%)
Soluble (45%)
T 500
Dextran (ATCC 18030)

11.96
3.94
6.12
38.37
36.50

Lipomyces
Dextranase
36.39
36.73
21.52
55.49
55.58

Dextranase (0.5 IU) produced by Penicillium (Sigma) and Lipomyces was reacted with
0.5% (w/v) dextran solution at condition og pH 5.2,100 mM sodium acetate, 35°C, and
48 hr reaction. 1andbDextrans were produced by L. mesenteroides ATCC 13146 and
ATCC 18030, respectively.
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Fig. 12. Thin layer chromatogram of hydrolysates of dextrans by Lipomyces
and Penicillium dextranase. Reaction: pH S.2,100 mM sodium acetate, 0.5%
(w/v) dextams, 36°C, and 48 hrs. DP; degree of polymerization of
isomaltooligosaccharides, Al; less soluble dextran (no enzyme), A2; less
soluble dextran with Penicillum dextranase, A3; less soluble dextran with
Lipomyces dextranase. Bl; soluble dextran (no enzyme), B2; soluble
dextran with Penicillum dextranase, B3; dextran with Lipomyces dextranase.
C l; T 500 dextran (no enzyme), C2; T 500 dextran with Penicillum
dextranase, C3; T 500 dextran with Lipomyces dextranase. D l; ATCC
13146 dextran (no enzyme), D2; ATCC 13146 dextran with Penicillum
dextranase, D3; ATCC 13146 dextran with Lipomyces dextranase. El;
ATCC 18030 dextran (no enzyme), E2; ATCC 18030 dextran with
Penicillum dextranase, E3; ATCC 18030 dextran with Lipomyces dextranase.
S; isomaltooligosaccharides standard.
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linkages on a-D-Glc (1-6)- main chain. Peniciilium dextranase gave a 3.5 fold higher
hydrolysis to the soluble dextran than by Lipomyces starkyei ATCC 74054 dextranase.
The enzymatic hydrolyzates of total dextran of ATCC 13146 (Dl, 2, and 3) and
ATCC 18030 (El, 2, and 3) showed different patterns. Hydrolyzates of ATCC 13146 (Lane
D2 ) branched dextrans by Peniciilium dextranase contained of glucose, isomaltose,
isomaltotriose, and isomaltooligosaccharides greater than DP4 that had branch points.
Compounds greater than DP 4 were branched isomaltooligosaacharides. Hydrolysates by
the Lipomyces dextranase produced the same composition of oligosaccharides as those by
Penicillin dextranase (Lane D3). The hydolysates of ATCC 18054 dextran (Lane E2 and 3)
and a linear dextran of T 500 (Lane C2 and 3) produced an isomaltooligosaccharide
distribution.
3. Oligosaccharide production by mixed culture fermentation, Lmesenteroides ATCC
13146 and L. starkeyi ATCC 74054
A mixed culture fermentation of L. mesenteroides ATCC 13146 and L. starkeyi
ATCC 74054 was used to produce oligosaccharides. The oligosaccharides were produced
by a combination of dextran hydrolysis by dextranase and of transglycosylation by
dextransucrase. The optimum conditions for clinical size dextran production by mixed
culture have been reported by Kim and Day (1994). They optimized for medium pH,
temperature, time of substrate addition, the ratio of inoculum of strains, as well as sucrose
addition. The process for oligosaccharides production in this study was conducted using a
modification of their procedures.
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3.1. Batch fermentation (single point inoculation)
Oligosaccharides production involve co-inoculation of L. mesenteroides ATCC
13146 and L. starkeyi ATCC 74054 into a medium containing 15% (w/v) sucrose
concentration. The inoculum was 5% (w/v) of the total working volume of ATCC 13146
and ATCC 74054 in a ratio of 10:1. Cultures grew without significant lag time. Sucrose
fell rapidly during the log phase and was almost completely metabolized in 36 hr (Fig. 13).
Oligosaccharides production was linked to dextran formation, and associated with cell
growth. The conversion of fructose to mannitol was not linked to growth but was associated
with the accumulation of fructose. When the fermentation was complete, the cell mass was
5.4 g/L. The yields of dextran, oligosaccharides, and mannitol were 54,27, and 77%,
respectively (Table 13). The productivity of dextran, oligosaccharides, mannitol was 0.66,
0.32, and 1.01 g/L-hr, respectively. The specific productivity of dextran, oligosaccharides,
mannitol was 0.12, 0.059, and 0.87, respectively. The utilization of sucrose during the
process was at a rate of 2.53 g/L-hr.
3.2. Fed-batch fermentation (single point inoculation)
A 15% (w/v) sucrose was supplied from the start of the fermentation. Sucrose was
added at rate of 112 mg/mL-hr. The change of sugars was monitored after adding sucrose.
The utilization of sucrose reached a stationery in 20 hrs of fermentation. Production of
oligosaccharides paralleled dextran formation (Fig. 14). When the fermentation was
complete, the cell mass was 5.1 g/L. Conversion efficiency for dextran, oligosaccharides,
and mannitol was 58%, 25%, and 80% of the theoretical yieid, respectively. The yields for
oligosaccharides in fed-batch and batch was not notably difference. The production rate of
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Fig. 13. Time course of oligosaccharides production by L.
mesenteroides ATCC 13146 and L. starkeyi ATCC 74054 in
MMY containing 15% (w/v) sucrose. Culture conditions in
batch fermentation were adjusted at pH 5.5,28°C, 200 rpm,
and aeration 1 wm. GOS indicates glucooligosaccharides.
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Table 13. Yield, productivity, and specific productivity of oligosaccharides, dextran,
and mannitol by mixed cultures, L. mesenteroides ATCC 13146 and L. starkeyi ATCC
74054.
Batch A

Fed-batch B

Fed-batch C

Fed-batch D

Yield of
Oligosaccharides
Dextran
Mannitol
(%)

0.27
0.54
0.86

0.25
0.58
0.80

0.39
0.36
0.76

0.48
0.27
0.74

Productivity of
Oligosaccharides
Dextran
Mannitol
(g/L-hr)

0.32
0.65
1.01

0.39
0.90
1.21

0.66
0.60
1.25

0.85
0.48
1.26

Specific Productivity of
Oligosaccharides
Dextran
Mannitol
(g/L-g of cell)

0.06
0.12
0.18

0.08
0.17
0.24

0.05
0.05
0.09

0.06
0.03
0.09

Batch A: one stage batch (single point inoculation).
Fed-batch B: one stage fed-batch (two point inoculation).
Fed-batch C: two stage fed-batch (two point inoculation). Initial substrate was sucrose.
Fed-batch D: two stage fed-batch (two point inoculation). Initial substrate was starch.
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Fig. 14. Time course of oligosaccharide production in 15%
(w/v) sucrose in MMY by L. mesenteroides ATCC 13146 and
L. starkeyi ATCC 74054. Fermentation conditions were
adjusted to pH 5.5,28°C, 200 rpm, and aeration 1 wm.
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dextran, oligosaccharides, and mannitol was

0.90, 0.39, and 1.21 (g/L-hr). The

productivity of oligosaccharides in fed-batch culture was 18% higher than that of batch
culture. Specific productivity of dextran, oligosaccharides, mannitol was 0.17,0.077, and
0.24 (g/g cells-hr), respectively. Utilization of sucrose was at a rate of 3.29 g/L-hr.
3.3. Fed-batch fermentation (1) (two point inoculation - sucrose)
For one point inoculations for fed-batch fermentations the two strains were initially
grown separately. The L. starkeyi ATCC 74054 was inoculated into the fermentor filled
with two thirds of its working volume with 1% (w/v) sucrose media. When the growth of
L. starkeyi ATCC 74054 reached the mid-log phase, 15% (w/v) sucrose and 1% (v/v) of
ATCC 13146 were added up to total volumn. This procedure was equivalent to co
inoculation with

ratio of L. starkeyi to L. mesenteroides (1: 66).

Kinetics of

oligosaccharides production was monitored. The sucrose was almost completely consumed
after 36 hrs (Fig. 15). Without a noticeable lag phase, cell mass increased exponentially
to 12.9 g/L by the end of the fermentation. The yields of dextran, oligosaccharides, and
mannitol were 36, 39, and 69%. The yield of oligosaccharides was 56% higher than in
batch fermentation. Productivity of dextran, oligosaccharides, and mannitol was 0.63,0.69,
and 1.31 g/L-hr. Productivity of oligosaccharides in this system was 113% or 75% higher
than with batch and fed-batch. The yield of mannitol was about equivalent. The specific
productivity of dextran, oligosaccharides, and mannitol was 0.049,0.053, and 0.10 g/g of
cell-hr, respectively. This value is 7% higher than specific productivity in batch and 13%
lower than the specific productivity of fed-batch with one stage inoculation.
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Fig. 15. Time course of oligosaccharide production in
15% (w/v) sucrose in MMY by L. mesenteroides ATCC
13146 and L. starkeyi ATCC 74054. Fermentation
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3.4. Fed-batch fermentation (2) (two point inoculation - starch)
In the two point inoculation, fed-batch fermentations (2), L. starkeyi ATCC 74054
was grown on 1% (w/v) soluble starch rather than sucrose and then the process was the
same as above. Sucrose was almost completely consumed after 30 hrs (Fig. 16). Utilization
of sucrose was 3.74 g/L-hr, based on a 44 hr fermentation. Cell mass increased
exponentially and was 13.73 g/L at end. The conversion of fructose to mannitol followed
the a mixed-growth pattern. The yield of dextran, oligosaccharides, and mannitol was 27,
49, and 66% of the theoretical yield. The oligosaccharides yields were 82%, 92%, and 26%
higher than the yields of oligosaccharides in batch, fed-batch, and two point inoculation
with sucrose (1) fed-batch fermentation. The production rate of oligosaccharides was 0.85
g/L-hr. This was about 23% higher than that for the point fed-batch with sucrose (1). The
specific productivity of dextran, oligosaccharides, and mannitol was 0.035,0.062, and 0.092
g/g of cell-hr, respectively. This value is 23.6%, 13.2%, and 16% higher than specific
productivity in one stage batch, fed-batch, two point inoculation fed-batch (I), respectively.
3.5. Characterization of oligosaccharides
The culture broth of the fed batch fermentation with two point inoculation (2)
contained 31.4% oligosaccharides, 17.6% dextran, 31.4% mannitol, 2.1% fructose, and
2.4% sucrose (Table 14). The dextran free oligosaccharides were fractionated with 80%
(v/v) ethanol and freeze-dried for analysis. These oligosaccharides were smaller than DP
7 (Fig. 17). Both linear and branched isomaltooligosaccharides were present. The major
components

were DP2 and DP3, DP4, they

are isomaltose, isomaltotraose, and

isomaltotetraose. Minor products were branched DP3, DP4, and either linear or branched
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Fig. 16. Time course of oligosaccharides production in 15%
(w/v) sucrose in MMY by L. mesenteroides ATCC 13146
and L. starkeyi ATCC 74054. Fermentation conditions
were adjusted to pH 5.5, 28°C, 200 rpm, and aeration 1
wm. L. starkeyi was cultured initially on 1% (w/v) soluble
starch. GOS indicates glucooligosaccharides.
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Table 14. The saccharides composition of the culture broth after two point inoculation
fed-batch (2) fermentation.

Culture broth
after fermentation
(%)
Sucrose
Fructose
Dextran
Mannitol
Oligosaccharides

2.41
2.13
17.55
46.50
31.40

Culture broth
after removing dextran
(%)
2.92
2.58
56.40
38.09

Dextran was removed by 50% (v/v) alcohol. Oligosaccharides were fractionated by an
ion-exchange column, Aminex HPX-42A (Bio-rad, Hercules, CA). The amount of
dextran and oligosaccharides were assayed by phenol-sulfuric assay. Other sugars were
assayed by HPLC.
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between DP 5 to 7. The branched isomaltotetrose, DP 3, may be pannose (62-0 -a glucosyl-maltose) or isopannose (6-0-a-maltosyl-glucose) as this product is formed
when either maltose or isomaltose is acceptor.
4. Oligosaccharide production by acceptor reaction
Oligosaccharide production by mixed culture was dependent on types of acceptors
formed during the fermentation. In the two point inoculation with starch,
maltooligosaccharides and isomaltooligosaccharides were produced by hydrolytic actions
of amlylotic enzymes and dextranase of L. starkeyi. This system yielded about 50% (w/v)
of the theoretical yield of oligosaccharide. In the present study maltose, one of most
efficient acceptor (Robyt and Eklund, 1983), was added to the sucrose solution for
production of oligosaccharides.
4.1. The effect of sucrose to maltose ratio on oligosaccharide production
The effect of maltose on oligosaccharide yield was determined at the ratio’s of
(S/M) = 0.2,1,2,5, and 10. Oligosaccharide yield was the highest at S/M ratio of 2 and
was 92% of theoretical yield, oligosaccharides/ (0.47 x sucrose + maltose) (Fig. 18). As the
S/M was less than 2, the yield and productivity of oligosaccharides decreased. As the S/M
was greater than 2, the yield and productivity also decreased.
4.2. Effect of single and mixed culture on oligosaccharides production
In the oligosaccharides production by both single and mixed culture, maltose was
supplemented at S/M ratio of 2,5, and 50 and yield compared. All the oligosaccharides
produced were branched isomaltooligosacchaides (Fig. 19; Lane 2,3, and 4 and Lane M2,
M3, and M4). Their Rftf {(distance of oligosaccharides / distance of solvent) / (distance
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Fig. 18. Yield and productivity of oligosaccharides produced by L.
mensenteroides ATCC 13146 in MMY containing different ratio of
sucrose to maltose (S/M). Fermentation conditions were adjusted to
pH 6.5,28°C, and 200 rpm. Yield was based on theoretical yield of
oligosaccharides, oligosaacharides/ ( 0.47 x sucrose + maltose). Total
substrate was 5% (w/v).
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Fig. 19. Thin layer chromatogram of cell free solution of mixed cultures and
acceptor reaction. SI and S2; isomaltooligosaccharides standard (DP 1 to 7).
B3; pannose. Lane 1(S) , 2 (S/M = 50), 3 (S/M = 5 ), and 4 (S/M = 2) are
oligosaccharides produced by acceptor reaction. Lane M1(S), M2 (S/M =
50), M3 (S/M = 5) , and M4 (S/M = 2) are oligosaccharides produced by
mixed cultures.
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of standard / distance of solvent) was between those the equivalent of linear
isomaltooligosaccharides in the standard mixture. This was significantly different from the
composition of oligosaccharides in mixed culture with only sucrose (Fig. 17). This may be
because maltose suppresses dextran synthesis. The Rfst of DP B3 and 5 in the S3 lane
corresponded to that of pannose and isomaltooligosaccharides standard (Fig. 19). The
average size of the oligosaccharides decreased as the S/M decreased. Oligosaccharides
produced either by single or mixed culture was less than DP10 in size. The highest
percentage of the product with S/M ~2 single culture was pannose, while in mixed culture
it was branched DP 4. (Fig. 20 and 21). The average size of the oligosaccharides was
dependent on ratio of S/M. In mixed culture the DP of the products was up to 10. As the
S/M increased from 2 to 5, the pannose in the total oligosaccharide decreased from 26 to
8.6%. In the mixed culture it decreased from 36.0% to 19.0%. As a whole, the average of
oligosaccharides in the mixed culture was greater than that in the single culture.
4.3. Oligosaccharide production by Leuconostoc sp.
Maltose solution was added at the start of fermentations of L. mesenteroides ATCC
18030, ATCC 13146, ATCC 11449, and unidentified strain that was designated as
Leuconostoc sp. (BSO), in a ratio of S/M = 2. The final pH of all fermentations was
between pH of 2.97 and 3.65 (Table 15). No insoluble dextran was produced by ATCC
13146,18030, or 11449. However, BSO produced a highly viscous insoluble dextran. The
yield of dextran and oligosaccharides were not significantly difference in any of the
fermentation. The yield of oligosaccharides 85, 89,87, and 80% in ATCC 10830,13146,
11449, and BSO. Conversion of fructose to mannitol was found in all strains. The
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Fig. 21. The composition of oligosaccharides produced at
different ratios of sucrose to maltose by L. mesenteroides
ATCC 13146 and L. starkeyi ATCC 74054. Fermentation
conditions were adjusted to 28°C, pH 5.5, and 200 rpm for
12hr. S/M indicates ratio of sucrose to maltose.
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Table IS. Final pH values and cell mass of culture broth of Leuconostocs
Sucrose +- Maltose

Sucrose
Strains

ATCC 10830
ATCC 13146
ATCC 11449
BSO

Cell mass
(g/L)

pH

Yield*

Cell mass
(g/L)

pH

Yieldb

3.31
3.90
4.76
ND

2.95
3.42
3.60
3.43

83
87
81
ND

3.22
3.43
3.41
3.65

3.22
3.43
3.41
3.65

85
89
87
80

Fermentation was conducted on shake flasks containing 100 mL of MMY at pH 6.5,
30°C, and 200 rpm for 24 hr. Substrate was 5% (w/v) sucrose and 5% (w/v) sucrose +
2.5% (w/v) maltose. ND means no determination due to existence of insoluble dextran
in the broth culture. *Andbindicate yield of dextran and oiligosaccharides, respectively.
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conversion efficiency of fructose to mannitol was not significantly different between
fermentations. The yield of mannitol with 5% (w/v) sucrose was 97% of theoretical yield
in ATCC 18030,97% in ATCC 13146, 95% in ATCC 11449, and 97% in BSO (Fig. 22).
The yield of mannitol with S/M = 2 was found 93% of theoretical yield, 84%, 97% , and
56% in ATCC 18030,13146,11449, and BSO, respectively. All isomaltooligosaccharides
produced were found to be branched isomaltooligosaccharides with a DP less than 9 (Fig.
23). when maltose added to the fermentations. There were differences in composition of
the final products among the fermentaions. The short chains of oligomers (DP 3 to 5), that
are similar to fructooligosaccharides, were produced by ATCC 13146. They composed more
than 90% of oligosaccharides produced.

Pannose of them

was 37% of

total

oligosaccharides.
4.4. Effect of pH on oligosaccharide production
The starting pH of the medium affected both the productivity and yield of
oligosaccharides by ATCC 13146 when maltose was added as acceptor (Fig. 24). Highest
yields (88%) were found over the pH 6.5 to 7.5. At pH 4.5 where the growth of
Leuconostoc mesenteroides is suppressed, oligosaccharides were formed. The production
of mannitol followed this trend. Substrate utilization at pH 4.5 showed the production of
oligosaccharides without growth. As the starting pH of medium increased, the yield
increased linearly up to pH 6.5. The productivity of oligosaccharides in the range of pH 4.5
to 7.5 was linked with utilization substrate. The starting pH o f medium affected the size
composition of the oligosaccharides in the final products (Fig. 25). As pH increased, small
size oligosaccharide such as pannose and DP4 increased and greater than DP5 decreased.
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Fig. 22. Yield of m an n itol produced by L. mesenteroides ATCC
10830 (1), ATCC 13146 (2), ATCC 11449 (3), and BSO (4). Yield of
mannitol was calculated from mannitol produced (g/L) / (consumed
sucrose x 0.52). S/M indicates ratio of sucrose to maltose. Sucrose
and maltose were 5% and 2.5% (w/v), separately.
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Fig. 23. The composition of oligosaccharides produced by
different strains of L. mesenteroides. S/M = 2 (5% sucrose, 2.5%
maltose). Batch fermentation was conducted at 28°C, pH 6.5, and
200 rpm for 12hr. Oligosaccharides was separated by TLC and
assayed using a densitometer (ImageQuant, Molecular Dynamics).
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Fig. 24. Yield and productivity of oligosaccharides production by L.
mesenteroides ATCC 13146. Batch fermentation was conducted in
MMY containing 3.75 % (w/v) substrate (S/M=2) at 28°C and 200
rpm. Yield of oligosaccharides was calculated fromoligosaccharides
produced (g/L) / (0.47 x sucrose + maltose) X 100. S/M indicates ratio
of sucrose to maltose.
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Fig. 25. Composition of oligosaccharides production
by L. mesenteroides ATCC 13146. Batch fermentation
was conducted in MMY containing 3.75 % (w/v)
substrate (S/M=2) at pH 6.5, 28°C, and 200 rpm. The
pHs of medium was adjusted prior to sterilization.
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4.5. The effect of substrate concentration on oligosaccharide production
The oligosaccharide production by ATCC 13146 was conducted on different
concentrations of substrate where the composition was always S/M = 2. The synthesis of
oligosaccharides did not follow

that of dextran (Fig. 8 and 26). The yield of

oligosaccharides, more than 85%, continued up to 20% (w/v) of substrate (S/M=2).
Interestingly 50% yield of oligosaccharides was still found in a 40% (w/v) substrate
solution, where cells do not grow. The conversion of fructose to mannitol was not affected
by concentration. More than 50% of oligosaccharides produced were found to be pannose
and DP 4 (Fig. 27). At a 15% concentration, the accumulation of pannose and DP4 was
highest.
4.6. Oligosaccharide production by acceptor reaction under optimal conditions
The kinetics of growth, oligosaccharides, and mannitol production by ATCC 13146
were determined under optimum conditions in batch fermentation. The S/M was 2 and
substrate concentration was 15% (w/v). Cultures grew without a lag time and the specific
growth rate was 0.43 hr '* (Fig. 28). Substrate utilization was slow at the beginning of
fermentation and then accelerated rapidly. Substrate was almost completely utilized after
24 hrs growth. Oligosaccharides production was linked with growth. In stationery phase,
the oligosaccharide concentration slowly decreased. Mannitol production increased
continuously through the stationery phase due to conversion of fructose to mannitol. The
yield and productivity of oligosaccharides was 90% of theoretical yield and 0.90 g/L-hr.
The yield of conversion of fructose to mannitol was 0.85% of theoretical yield.
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Fig. 26. Yield and productivity of oligosaccharides produced by L. mesenteroides
ATCC 13146. Batch fermentation was conducted in MMY containing different
concentration of sucrose at pH 6.5,28°C, and 200 rpm. The ratio of sucrose to
maltose was 2. Yield of oligosaccharides was calculated from oligosaccharides
produced (g/L) / (0.47 x sucrose + maltose) x 100.
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Fig. 27. The composition of oligosaccharides produced by
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conducted in MMY containing different concentration of
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Fig. 28. Time course of oligosaccharides production by
L. mesenteroides ATCC 13146 inMMY containing 10%
(w/v) sucrose and 5% (w/v) maltose as substrate. Batch
fermentation was conducted at pH 6.5, 28°C, and 200
rpm. GOS is glucooligosaccharides.
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The change of oligosaccharides in size was found during the fermentation (Fig. 29).
Pannose, DP3, concentration increased linearly during the log phase of growth and then
decreased. As DP3 decreased, DP 4 and DP 5 increased.

The concentration of

oligosaccharides at end was 36.1 g/L of DP 3,35.5 g/L of DP 4, and 14.1 g/L of DP 5. The
highest accumulation of mannitol was 44.4 g/L after 29 hrs of fermentation.
4.7. Comparision of oligosaccharides produced by L. mesenteroides ATCC 13146 with a
commercial oligosaccharide mixture.
The isomaltooligosaccharides produced by L. mesenteroides ATCC 13146 were
comparied with isomaltose, pannose, isomaltopentose, and a linear isomaltooligosaccharide
mixture as standards as well as with a commercial isomaltooligosaccharides (Table 16).
The distribution of oligosaccharides in the commercial mixture was between DP 2
to DP 5 (Fig. 30, Lane 3). A comparision of isomaltose (Lane 5, DP 2), pannose (Lane 4,
P), and isomaltopentose (Lane 5, DP 5) as standard oligosaccharides with commercial
oligosaccharides shows that commercial oligosaccharides contain trace amounts of glucose,
maltose, isomaltose, pannose, isomaltotriose, DP 4, and DP 5. The isomaltooligosaccharides
of ATCC 13146 were distributed between DP 2, DP 6, and trace of greater than DP 7. They
consisted of maltose, pannose, and maltosyl-isomaltooligosaccharides (DP 4 to 6). The
composition of two oligosaccharides were different. The commercial product contained
16.78% of maltose and glucose, 28.42% of isomaltose, 14.84% of pannose, 16.43% of
DP 3, 11.50% of branched DP 4, 9.63 % of DP 4, and 2.39% of more than DP 5. The
composition of oligosaccharides produced by L. mesenteroides ATCC 13146 were 6.53%
of unreacted substrate (almost maltose), 32.66% of pannose, 30.88% of branched DP 4,
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Fig. 29. Time course of oligosaccharides (DP3 to 5) and
mannitol production by L. mesenteroides ATCC 13146
in MMY containing 10% (w/v) sucrose and 5% (w/v)
maltose as substrate. Batch fermentation was conducted
at pH 6.5, 28°C, and 200 rpm. GOS is
glucooligosaccharides.
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Table 16. Comparison of the glucooligosaccharides (GOS) produced by L.
mesenteroides ATCC 13146 with obtained from Wako Pure Chemical Co.
Products

Composition (%)
GOS (Wako)

Maltose with trace glucose
Isomaltose
Pannose
Isomatotriose
Branched DP 4*
Isomaltotetraose
Branched DP 5
Branched DP 6
Branched DP 7

16.78
28.42
14.84
16.43
11.50
9.63
2.39

GOS (ATCC13146)
6.53
32.66
30.38
21.71
5.18
3.55

*Isomaltooligosaccharides branched with an a - (1-4)- or a - (1-3)- glucosidic linkage.
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Fig. 30. Thin layer chromatogram of commercial and ATCC 13146
oligosaccharides. Lane 1, ATCC 13146 oligosaccharides; Lane 2 and 6,
isomaltooligosaccharides standard (DP I to 10); Lane 3, commercial
oligosaccharides; Lane 4, pannose; Lane S, isomaltose, pannose, and
isomaltopentaose mixture. DP indicates degree of polymerization. B indicates
branched oligosaccharides.
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21.71% of branched DP 5, 5.18% of branched DP 6, and 3.55% of DP 7 plus trace of
greater than DP 7 (Table 16).
4.8 Hydrolysis of oligosaccharides
The degree of hydrolysis of oligosaccharides by dextranases of L. starkeyi 74054
and Penicillium was dependent on their composition (Table 17). Penicillium dextranase
hydrolyzed 38.44% of the commercial oligosaccharides compared to greater than that 5.34%
hydrolysis of ATCC

13146. This indicate that the proportion of linear

isomaltooligosaccharides in the commercial oligosaccharides is greater than that of ATCC
13146. However, the hydrolysis (49.69%) of commercial oligosaccharides by dextranase
of Penicillium was less than that (63.43%) of ATCC 13146. This explains that the
proportion of maltooligosaccharides in the commercial oligosaccharides is greater than
that of ATCC 13146. The hydrolysates of oligosaccharides were developed on the TLC
(Fig. 31).
5. Utilization of oligosaccharides
5.1. Effect of oligosaccharides on the growth of selective pathogenic bacteria
The oligosaccharide mixture was produced by L. mesenteroides ATCC 13146 by
means of an acceptor reaction (as per 4.5). The acceptor was maltose. The oligosaccharides
mixture, blended with glucose, affected significantly the growth of selected bacteria. The
growth of selected bacteria was suppressed as the ratio of oligosaccharides to glucose
decreased (Fig. 32). The growth suppression of S. entertidis in the presence of
oligosaccharides was greater than that of S. typhimurium or S. aureus. The growth of
bacteria on glucose, mannitol, oligosaccharides plus mannitol mixture, oligosaccharides,
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Table 17. Hydrolysis of glucooligosaccharides produced by L. mesenteroides ATCC
13146
% Hydrolysis
Sources of
Glucooligosaccharides

Commercial
ATCC 13146 h

Penicillium
Dextranase
38.44
5.34

Lipomyces
Dextranase
49.69
63.43

Dextranase (0.5 IU) o f Penicillium (Sigma) and Lipomyces were reacted with 0.5%
(w/v) oligosaccharides at condition of pH 5.2,100 mM sodium acetate, 35°C, and 48 hr
reaction.
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Fig. 31. Thin layer chromatogram of hydrolyzates of dextrans by Lipomyces
and Penicilliuni dextranase. Reaction: pH 5.2,100 mM sodium acetate, 0.5%
(w/v) dextams, 36°C, and 48 hrs. DP; degree o f polymerization of
isomaltooligosaccharides. B; branched oligosaccharides. Lane 1, hydrolysate
of commercial oligosaccharides by Penicillium dextranase; Lane 2, hydrolysate
of ATCC 13146 oligosaccharides by Penicillium dextranase ; Lane 3,
isomaltooligosaccharides standard; Lane 4 and 5, hydrolyzates of commercial
and ATCC 13146 oligosaccharides by Lipomyces dextranase.
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Fig. 32. Cell growth of bacteria on different combinations of
oligosaccharides and glucose. Growth was measured at absorbance
(660 nm). Growth on glucose was defined as 100%. Total sugars
concentration was 0.5% (w/v). GOS is glucooligosaccharides.
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dextran (T 500), and dextran of ATCC 13146 showed on Fig. 33 and 34. The growth of
bacteria on these sugars was related to growth on glucose. The glucose supported best
growth of selected all bacteria. The substrates containing mannitol supported growth of S.
entertidisl and 2, and S. typhimurium without difference of glucose, but partially supported
the growth of S. aureus, S. epidermidis, and C. perfiingenes. The dextrans and
oligosaccharides suppressed the growth of bacteria in the same degree. The utilization of
oligosaccharides by bacteria was dependent on the composition of oligosacharides mixture.
The growth of S. enteritidis and S. typhimurium on commercial oligosaccharides was
greater than that on ATCC 13146 oligosaccharides (Fig. 35), but the growth of S. aureus
and S', epidermidis on two oligosaccharides was not significantly different
5.2. Growth of Bifidobateria on oligosaccharides
The growth of selected Bifidobateria, Bifidobaterium bifidum and B.fullorum on
glucose, mannitol, commercial, and ATCC 13146 oligosaccharides was compared (Fig. 36
and 37. Glucose supported best the growth of B. bifidum and B.Jullorum. Mannitol did
not supported the growth. The commercial oligosaccharides supported the growth better
than ATCC 13146 oligosaccharides. This indicates that the growth of two strains are
dependent on the composition of oligosaccharides. The thin layer chromatography of
culture solution of ATCC 13146 oligosaccharides by Bifidobateritm bifidum and B.
fullorum showed that two strains utilized them completely in 48 hrs (Fig. 38).
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Fig. 33. Growth on different types of carbon sources. 1. Glucose, 2.
Mannitol, 3. oligosaccharides + plus mannitol, 4. oligosaccharides, 5.
dextran (T 500), and 6. Dextran of L. mesenteroides ATCC 13146. The
growth was conducted in MMY containing 0.5% (w/v) carbon sources
for 24 hr. The pH was adjusted to pH 7.0. The growth on glucose was
defined as 100%.
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Fig. 34. Growth on selective pathogenic microorganisms. 1. Glucose,
2. Mannitol, 3. oligosaccharides plus mannitol, 4. oligosaccharides, 3.
dextran (T 500), 6. Dextran produced L. mesenteroides ATCC 13146,
7. Control (no substrate). The growth was conducted in MMY
containing 0.5% (w/v) carbon sources for 48 hr. The pH was adjusted
to pH 7.0. The growth on glucose was defined as 100% .
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Fig. 35. Growth of bacteria on oligosaccharides.
Bacteria were cultured in MMA containing 0.5% (w/v)
glucooligosaccharides at 30°C, pH 7.0, and 200 rpm
for 24 hr. Growth was based on cell mass assayed as
absorbance (660 nm). The growth S. typhimurium on
glucose was designated as 100%.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

102

Glucose

Mannitol
Commercial
oligosaccharides
ATCC 13146
Oligosaccharides
0

0.5

1

1.5

Growth (660 nm)

Fig. 36. Growth of Bifidobacterium pullorum on oligosaccharides.
Bacteria were anaerobically cultured in media containing 0.5%
(w/v) oligosaccharides at 37°C, pH 7.0 for 48 hr. Growth was
based on cell mass assayed as absorbance (660 nm). Ferm:
fermentation, B.ctrl: bacterial control was cultured without carbon
source.
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Growth (660 nm)
Fig. 37. Growth of Bifidobaterium bifidum
on glucooligosaccharides. Bacteria were
anaerobically cultured in media containing
0.5% (w/v) glucooligosaccharides at 37°C,
pH 7.0 for 48 hr. Growth was based on cell
mass assayed as absorbance (660 nm). Ferm:
fermentation, B.ctrl: bacterial control was
cultured without carbon source.
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Fig. 38. Thin layer chromatogram o f cell-free solution o f Bifidobaterium
bifidum and pullorum. Bacteria were anaerobically cultured in 0.5% (w/v)
glucooligosaccharides at 35°C and pH 7.0. B; branched oligosaccharides,
DP; degree of polymerization of isomaltooligosaccharides, A; Bifidobaterium
bifidum, B ; Bifidobaterium pullorum, SI; standard mixture, isomaltose
(DP2),
pannose (B3),
and
isomaltopentose
(DPS),
S2;
isomaltooligosaccharides standard. A1 (0 hr), A2 (24 hr), and A3 and 4 (48
hr). B1 (0 hr) and B2 and 3 (48 hr).
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DISCUSSION
The production o f non- or partially digesitable oligosaccharides have been
extensively studied because it is known that some oligosaccharides improve intestinal
micro flora (Hidaka, 1991). They are not digested by humans and but preferentially
consumed by beneficial intestinal bacteria, bifidobacteria, in the colon (Tomomatsu, 1994;
Oku,

1996).

Isomaltooligosaccharides

are

one

such

product.

Branched

isomaltooligosaccharides are more beneficial than linear oligosaccharides of them because
branched form are more resistent to hydrolysis by harmful microorganism (Djouzi et al.,
1995). Branched isomaltooligosaccharises have at least more than one a-(l- 2), a-(l- 3),
or a-(l- 4) linkages on the a-(l- 6) main chain.
Commercially, branched glucooligosaccharides have produced by combinations of
enzymes such as a-amylase and glucosidase, and pullulanase, (Kuriki et al., 1993;Takata
et al., 1992) but this process has drawbacks. This process require multi-steps such as
gelatination, liquefaction, saccharification, and purification and results in a lot of glucose,
maltose, and maltooligosaccharides in the final products.
Dextransucrase polymerizes the glucose, released from sucrose, forming a-(l-6)linked glucans (Smith, 1970; Kobayashi and Matsuda, 1974; Hehre and Suzuki, 1966).
When the acceptors are present in the solution, the glycosyl residue from sucrose may be
transferred to a free hydroxyl group on an acceptor by dextransucrase (Koepsell et al.,
1952; Walker and Builder, 1967). This results in the synthesis of various types of
oligosaccharides. Because of increasing for new oligosaccharides the researchers have
undertaken oligosaccharide synthesis using partially purified dextransucrase and acceptors
105
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(Remaud et al., 1992; Munguia et al., 1993; Paul et al., 1986). However, this leaves almost
half of the sucrose as fructose. A new fermentation process has been designed to overcome
this drawback, it converts residual fructose to mannitol. In this study two, processes were
developed for oligosaccharide production, with mannitol being produced as by-product The
processes are fermentations by mixed culture of Leuconostoc mesenteroides ATCC 13146
and L. starkeyi ATCC 74054 and maltose-acceptor reaction in Leuconostoc mesenteroides
ATCC 13146 fermentations.
Different strains of Leuconostoc mesenteroides produce different types of dextrans,
varying in quantity, length, and arrangement of the branch chains. The branched points on
dextran are a-(l-2), a-(l-3), and a-(l-4) (Kobayashi, 1973; Remoud et al., 1992). L.
mesenteroides ATCC 13146 was chosen in this study because it produces two
dextransucrases, and synthesize a highly branched dextran (Seymour etal., 1979a, 1979b).
Hucker and Pederson first isolated ATCC 13146 from spoiled canned tomatoes and the
conditions of dextran production were elucidated by Tarr and Hibbert (1937). The
dextransucrase of ATCC 13146 was first purified by Cote and Robyt (1983). This enzyme
was used to study the findings of chain elongation and branching mechanisms of dextran.
The maintenance of high dextransucrase activity in the low pH of medium is important for
the mixed culture with L. starkeyi because L starkeyi shows optimum growth and enzyme
production below pH 5.0 (Koenig and Day, 1988). Dextransucrase exists bonded to the
dextran polymer (Kobayshi and Matsuda, 1986; Monsan et al., 1987). The growth and
enzyme of each strain was determined. In this study the dextransucrase production by
ATCC 13146 was found to be growth associated. Dextransucrase activity of ATCC 13146
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was the highest at mid-log phase (0.31 IU/mL) and at pH 6.0 of pH. The dextransucrase
activity of ATCC 13146 was between 0.26 to 0.29 IU / mL in the fermentation where the
pH was between 4.2 to S.O. The characteristics of dextranase produced by L. starkeyi
ATCC 74054 in the mineral medium has been extensively studied (Kim and Day, 1992).
This strain constitutively produces endodextranase. Growth and enzyme production kinetics
of ATCC 74054 in the MMY medium showed that the highest dextranase activity (1.65 IU/
mL) was found in early log phase of cell growth. This result was similar to values reported
by Kim (1992). Mannitol is produced by the reduction of fructose by

mannitol

dehydrogenase (Vandamme et al., 1987; Yamanaka, 1975). This enzyme is intracellular and
NADH-dependent (Martinez et al., 1963; Sakai and Yamanaka, 1968). The mannitol that
is produced is excreted by the cell. The production of mannitol allows the cell to maintain
its redox balance.
The optimization of dextran and mannitol production by L. mesenteroides ATCC
13146 is important for higher yield of co-products at the end of fermentation. In this system

maximum yields of dextran and mannitol were found at pH 7.5 and 6.0, respectively. A
compromise pH of 6.5 was chosen to maximize both dextran and mannitol. When sucrose
concentration is greater than 200 mM, the rate of dextran formation decreases (Tanriseven
and Robyt, 1992). The size and quantity of dextran synthesized by dextransucrase is
dependent on amount of sucrose present. In high sucrose concentration (70%) mostly
oligosaccharides are produced with with some low molecular weight dextrans (35,000 Da),
and no high molecular dextrans (Tsuchiya, 1960). Fermentation by ATCC 13146 was
tested over a sucrose concentration range of 2 to 38% (w/v). Growth rate decreased as
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sucrose concentration increased. However, the yield of mannitol increased. Dextran yield
was best at 9.2% (w/v), and then rapidly decreased as sucrose concentration increased. The
conversion of fructose to mannitol proceed independent of cell growth. Inhibition of
dextran synthesis at sucrose concentrations above 10% followed cell growth inhibition.
Dextran synthesis by whole cells was inhibited in more than 38% (w/v) even though cells
grew slowly (p. = 0.2 lh'1). A 15% (w/v) sucrose concentration was chosen as optimum
because this concentration gave the best yields of dextran and mannitol (Fig. 7). In the
proposed optimum conditions, batch fermentation was conducted until no increase of
dextran accumulation. The mannitol and dextran production were complete at the same time
after 48 hr fermentation without loss by the metabolism of cells. This is important in the
design of a fermentation process, along with productivity and yield.
L. mesenteroides ATCC 13146 showed the production of two different types of
dextrans (Fig. 9 and 11). Less soluble dextran obtained by 39% (v/v) alcohol precipitation
had a gummy texture, while soluble dextran obtained by 45% (v/v) alcohol precipitation had
a sticky texture. Molecular weight based on a gel permeation chromatography indicated
that size of less soluble dextran was similar in size to that of native dextran produced by
ATCC 18030 and the of soluble dextran was determined between the size of commercial
dextrans T 150 to 500. The concentration of sucrose in the fermentation affected the
composition of dextrans, less soluble vs soluble dextran (Fig. 9). Cote and Robyt (1983)
reported that any change in reaction rate of the dextransucrase affects the rate of acceptor
reaction relative to chain elongation, altering the degree of branching. Dextranase
hydrolyzates showed that the structure of dextran produced by ATCC 13146 was different
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from that of dextran produced by ATCC 18030. The hydrolyzates of ATCC 13146
dextrans were mostly branched oligosaccharides in greater than DP 3 (Fig. 12). The soluble
dextran was more resistant than less soluble dextran to Penicillium and Lipomyces
dextranase, indicating that soluble dextran has more branched glucose linkages than less
soluble dextran. In mixed culture fermentation it would be expected that less soluble dextran
give rise to acceptors.
Glucooligosaccharides formation in the mixed culture system appears to be the
results of both dextranase action and acceptor reactions. It is logical that the balance of
sucrose to acceptor is important. L. starkeyi ATCC 74054 was selected from L. starkeyi
ATCC 12659 (Kim and Day, 1992). This strain constitutively produces an endodextranase.
Co-inoculation of this organism with L. mesenteroides in fermentation, with 15% (w/v)
sucrose, produced oligosaccharides at 25 to 27% of theoretical yield. When L. starkeyi
ATCC 74954 was grown first in 1% (w/v) sucrose or soluble starch and growth allowed
to late log phase, followed by inoculation with L. mesenteroides ATCC 13146 (1%, v/v),
there was a 1.5 to 2.0 fold increase in yield (Table 13). The higher yield of two point
inoculation is reflected an increase in the cell number ratio of the mixed cultures and
increased activity of dextranase. The ratio of L. mesenteroides to L. starkeyi for single point
inoculation was 10/1 and in two point inoculation it was about 65/1. The two point
inoculation ensured the highest total activity of dextranase when the dextran polymerization
started. When L. starkeyi ATCC 74054 was grown in 1% (w/v) soluble starch, the yield of
oligosacchartides was the highest (48% of theoretical yield). It is known that hyrolyzates
of starch may be used as acceptors, and produce oligosaccharides (Leinitz and Ringpfeil,
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1961). Yield of mannitol was not significantly affected in either single point or two point
inoculation.
Productivity is dependent on the cell mass concentration and is of major interest to
the fermentation plant manager since it describes the rate of product synthesis or material
demand per unit of fermentor capacity. Specific productivity is independent of cell mass
concentration and describes the effectiveness of the cells in product synthesis or material
utilization. The highest of productivity of oligosaccharides and mannitol was found at two
point inoculation (Table 13). Specific productivity of oligosaccharides was not changed by
the type of inoculation pattern.
The end product solution by two point inoculation with 1% (w/v) starch contained
31.4% oilgosaccharides and 46.5% mannitol. This indicates that 77.9% of total sugars may
commercially be a desirable product. Oligosaccharides produced were either linear or
branched sugars (Fig. 17). It is presumed that they may be formed from either acceptor
reaction by maltooligosaccharides and isomaltooligosaccharides or hydrolysis of dextran
by dextranse. The introduction of maltose and isomaltose into the reaction mixture of
dextransucrase and sucrose leads to the synthesis of oligosaccharides at the expense of
dextrans (Koepsell et al., 1952). The glycosyl residue from sucrose is transferred by
dextransucrase to a free hydroxyl group of those sugars that are called acceptors (Paul et al.,
1984). Maltose and isomaltose have been demonstrated to be the most effective acceptors
(Robyt and Walseth, 1978; Robyt and Eklund, 1983). Because of high acceptor efficiency,
maltose is widely used acceptor for the synthesis of oligosaccharides by dextransucrase
(Smiley et al., 1982).
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The ratio of sucrose to maltose affected the characteristics of the oligosaccharide
synthesized by ATCC 13146. A S/M (sucrose / maltose) ratio greater than 3 produced
larger branched DP oligosaccharides and rapidly decreased the yields of oligosaccharides.
The highest yield and productivity of glucooligosaccharides was determined at S/M=2. The
composition of the glucooligosaccharides at S/M=2 was DP3 (pannose) to DP 7. Pannose
was about 36% of total glucooligosaccharides. Partially purified dextransucrase from L.
mesenteroides ATCC 10830 produced 85% of theoretical yield of oligosaccharides with
a average molecular weight of 670 when the S/M = 2 (Paul et al., 1986). Different
microbial strains may synthesize different types of oligosaccharides by acceptor reactions
because their dextransucrases polymerize glucose differently. L mesenteroides ATCC
18030,13146,11449, and 1355, all produce different types of dextransucrases (Robyt and
Eklund, 1983; Cote and Robyt, 1982; Kobayashi and Matsuda, 1974; Jeanes et al., 1954).
ATCC 18030, 13146, and 11449 tested in this study produced oligosaccharides and
mannitol at an S/M = 2 rather than dextran. The size of oligosaccharides produced by each
strain was within commercially interesting range of DP 3 to 9. The composition of
oligosaccharides produced by these indicated that dextransucrase from each strain reacted
differently with maltose as acceptor.

L. mesenteroides ATCC 13146 produced

oligosaccharides that ranged from DP 3 to 6 while L. mesenteroides ATCC 11449 did
oligosaccharides ranged from DP 3 to 9. Three strains, ATCC 18030, 13146, and 1355
produced same types of branched glucooligosaccharides.
The enzymes, dextransucrase and altemansucrase, produced by L. mesenteroides,
have optimum of pH 5.0 and 5.2 and at this pH acceptor reactions resulted in
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oligosaccharides production (Munguia et al., 1993; Paul et al., 1986; Remaud et al., 1992;
Robyt and Walseth, 1978). The dextransucrase production by ATCC 18030 was found to
be optimal at pH 6.7 (Tsuchiya, 1952). In this study the initial pH of media affected the
yield, productivity, and composition of oligosaccharide in the final products. Optimum pH
for producing oligosaccharides ranged 6.5 to 7.5 was slightly higher than for dextran
production. The optimum yield of mannitol was found at pH 6.0 to 6.5. The branched
glucooligosaccharides composition of final products at pH 6.5 was 41.6% DP3, pannose,
24.0% of DP4, and 34.4% of greater than DP5.
Sucrose and maltose concentrations are important parameters in oligosaccharide
production. In dextran industry 15% (w/v) sucrose used normally used. In enzymatic
synthesis by dextransucrase oligosacchrides synthesis increases while dextran synthesis
is inhibited, at higher than 200 mM sucrose (Tariseven and Robyt, 1993). For example,
at a concentration of 50 mM sucrose and 50 mM methyl alpha-D-gluco-pyranoside, 78%
dextran formed along with 22% acceptor products. When the concentration of sucrose
increased tenfold, to 500 mM and the ratio of acceptor to sucrose was kept at 1:1, only small
amounts of dextran (5%) were formed, but large amounts of acceptor products formed.
Oligosaccharide formed in this study showed a similar pattern, where the average molecular
weight of the oligosaccharide was highest at the lowest concentration of substrate (1.5%).
However, yields of oligosaccharide showed different pattern. Yield of oligosaccharide in
batch fermentation was about 85 to 90% of theoretical and this remained constant until 20%
(w/v) sucrose was reduced.
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The kinetics of mannitol and oligosaccharide production with maltose as acceptor
are determined. The yield of oligosaccharide and mannitol was 90 and 85 of theoretical
yield in the end of fermentation. This meant that 88% of the maltose and sucrose (S/M=2)
converted to oligosaccharide and mannitol mixture.
Interest of oligosaccharides has been expanded due to findings in human health
(Ishibashi and Shimamura, 1933). It appears that non-digestible oligosaccharides encourage
the growth of the Bifidobacteria and discourage the growth of competing pathogenic
organisms (Anand et al., 1984,1985; Masai et al., 1987; Mata et al., 1969). Three different
species, Salmonella, Staphylococcus, and Clostridium, were chosen for evaluation of
glucooligosaccharides utilization by microorganisms. Growth of S. enteritidis and S.
typhimurium was reduced in media containing branched glucooligosaccharides. This is
was similar to results obtained with fructooligosaccharides (Omar et al., 1995; Bailey et al.,
1991). Because commercial glucooligosaccharides contains digestible sugars, growth of
those strains was greater than product glucooligosaccharides that contain branched
isomaltooligosaccharides. FOS-50, a commercial fructooligosaccharides mixture is
composed of 50% solids, 57% of which are fructooligosaccharides, 33% glucose and
fructose, and 10 sucrose, does not suppressed the growth of Salmonella (Omar et al., 1995).
Mannitol as well as glucose was good substrate for Salmonella, not Clostridium and
Staphylococcus. Application of our glucooligosaccharides will depend on the amount of
mannitol present in the final product because mannitol will be partially digested by
enzymes intestine.
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The presence of lactic acid bacteria on the skin is essential for prevention of the
growth of detrimental microorganisms which induce skin problems. Branched GOES is
possible to promote efficiently the growth of lactic acid bacteria (Monsan and Paul, 1995).
Bffidobateria are health-promoting lactic acid bacteria that constitute up to 25% of the
normal gut flora of both man and animals (Scardovi, 1986; Hughes and Hoover, 1991).
Bifidobactera produce acetic acid and lactic acid from indigestible oligosaccharides, and
lower the pH of digestive tract, and protecting it from overgrowth by harmful bacteria
(Hidaka et al., 1991; Hirayama and Hidaka, 1993; Tsuneyuki, 1996). These organic acids
serve as anti-infectious agents. Bifibacteria also produce a proteinaceous factors that inhibits
the adherence of bacteria E. coli to the GA1 molecule in vitro (Fujiwara et al., 1997).
Bifidobaterium bifidim and B.fiillorum chosen for in this study are associated with the gut
of human and animals, especially chickens (Ishibashi and Shimamura, 1993). Cellassociated P-fructosidases capable of hydrolyzing fructooligosaccharides with degrees of
polymerization of between DP3 and 5 are produced by Bifidobacteria (Mckellar and
Modler, 1989). Dextranase (a-l,6-glucan hydrolase, EC 3.2.1.11) is an enzyme that
hydrolyses the a -1,6 linkages found in isomaltooligosaccharides and dextran (Richards and
Streamer, 1978). Bffidobateria also produce dextranase (Kaster and Brown, 1983).
Branched glucooligosaccharides enzymatically produced from a-amylase, pullulanase, and
a-glucosidase increase the number of Bifidobacteria with dosage l-2g per day (Kohmoto
et al., 1991). Branched glucooligosaccharides produced by acceptor reaction using L.
mesenteroides B-1299 also improve the microflora in the intestine (Valette et al., 1993;
Djouzi et al., 1995).

Bifidobacterium do not grow in the mannitol. Commercial
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glucooligosaccharides supported the growth of these two strains greater than ATCC 13146
glucooligosaccharides, indicationg that commercial glucooligosaccharides contained less
branched glucooligosaccharides. Commercial glucooligosaccharides contains 14.8%
pannose. The results of utilization tests of ATCC 13146 glucooligosaccharides showed that
these two strains can hydrolyze completely the structure that is a- 1,4, a- 1,3, and a - 1,6
glycosidic linkages.
In conclusion, the yield of co-products of glucooligosaccharides and mannitol in
this study was over 80% of total sucrose supplied as substrates. Glucooligosaccharides
produced are mostly the branched glucooligosaccharides that are resistant to digestion by
enzymes released in the gastrointestine. They were completely utilized by selected
Bifidobacteria and reduced the growth of selected pathogenic bacteria. Therefore, the
process studied in this project is of potential interest for practical application in the food
industry. Further studies would be considered: 1) scale-up for production, 2) separation and
purification of products, 3) other process development such as with immobilized cells or
enzymes to avoid by-products production.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

SUMMARY
* The higher yield and productivity of dextran and mannitol production by mesenteroides
ATCC 13146 in batch were compromisingly determined at pH 6.5 and 15% (w/v) sucrose
concentration. The yield and productivity of dextran were 80% and 2.0 g/L-hr. The yield
and productivity of mannitol were 89% and 2.14 g/L-hr.
* The dextran produced by L. mesenteroides ATCC 13146 was resistant to dextranase and
hydrolyzates

contained

of

glucose,

isomaltose,

isomaltotriose,

and

isomaltooligosaccharides greater than DP4 that had branch points.
* Fed-batch fermentation (two-point inoculation -starch) by mixed cultures, L.
mesenteroides and L. starkeyi, gave the highest yield of oligosaccharides. This value was
49% of theoretical yield.
* When maltose was added as an acceptor, the yield of oligosaccharides increased. The
yield was the highest at sucrose to maltose ratio of 2 and was 92% of theoretical yield.
* The composition of oligosaccharides produced by an acceptor reaction consisted of all
branched oligosaccharides. They are 6.53% of unreacted maltose, 32.66% of pannose,
30.88% of branched DP 4,21.71% of branched DP 5,5.18% of branched DP 6, and 3.55%
of DP trace of greater than DP 7.
* The oligosaccharides produced in this study suppressed growth of S. enteritidis, S.
typhimurium, S. aureus, S. epidermidis, and C. perfringenes. B. bifidum and fiillourm
completely utilized the oligosaccharides as carbon sources in 48 hr.
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